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Section  4K 

:^TEaiAL3  Al’lD  lETHODS 

Rpopared  tiy  Avorill  A,  Liebcn<r,  Lt.  Col,,  M3 
The  Hiroshiiaa  section  of  the  Joint  Commission,  consisting  of  6  medical 
officer®,  4  enlisted  men  and  some  25  Japanese  physicians,  reached  Hirosloima 
by  air  on  12  October  1945.  The  city  still  x;as  in  the  process  of  drying  from 
the  disastrous  typhoon  of  17  September  and  the  clouds  of  the  succeeding  temp¬ 
est  of  the  first  week  of  October  vrere  just  clearing.  Headquarters  v/ere  es¬ 
tablished  at  the  Ujina  Branch  Hospital  of  the  Hiroshima  First  Asrmy  Hospital 
sorae  4300  meters  from  the  point  above  which  the  bomb  e::ploded.  This  hospi¬ 
tal  comprisod  the  converted  residential  quarters  of  the  Daixja  Rayon  >2.11, 
Laboratory,  office,  and  clinic  rooms  were  procured  and  arrangements  wore 
made  iidtli  the  military  and  prefectural  authorities  to  supply  rations  and 
quarters  for  patients  that  were  to  be  referred  for  study  from  other  institu¬ 
tions  extd  from  outpatient!  clinics.  Approximately  75  patients  were  already  in 
the  hospital  irhen  the  Joint  Gomaaission  arrived,  in  the  care  of  Japanese  mili¬ 
tary  physicians  who  extended  every  coiirtesy. 

Fortunately  the  electric  circuits  had  been  re-established  after  tlielr 
InteiTuptlon  the  tyjAioon,  and  plenty  of  water  was  available.  All  appara¬ 
tus,  chemicals,  record  sheets,  stenographic  eqxiipment,  rations,  and  three 
1/4  ton  vehicles  had  been  brought  in  by  air.  Staining  solu.tions  and  a  fev; 
standard  rca.gents  had  been  prepared  at  Tokyo  Laperiel  University  while  the 
Comm3.sslon  was  av/aiting  passage  to  Hii'oshima, 
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Four  main  chcnn^o  of  investigation  vrevo  puroued^  a/ore  or  lose 
simultandou^i 

!•  Review  of  exletihg  records  end  collection  of  epccisnenso 
2«  Clinical  and  laboratory  studies, 

3«  Collection  of  data  for  obbaining  estiinates  of  the  population 
and  casuoltios, 

4*  Analyses  of  the  factors  in  protection. 

Appropriate  data  thus  collected  was  subjected  to  statistical  analysis 
as  presented  in  Section  9(» 

REviay  OF  iiXisriKd  records  .uro  Gon,ECTioH  of  spiacBffltJs 

ii 

Ao  Use  of  standard  record  forms  and  naps, 

A  record  fom  containing  essential  personal  and  clinical  data  was  design¬ 
ed  for  use  in  transcribing  old  records  as  well  as  for  the  purpose  of  the 
Commission*  s  original  observations.  Specio't  ouphasis  was  pub  on  the  aocxirate 
recording  of  factors  of  distance,  and  eh&Lter,  As  an  aid  in  attaining  this 
objective,  maps  of  the  city  \iiich  hod  concentric  circles  dram  about  the 
center  of  the  estplosion  were  used.  These  were  olvrays  in  the  possession  of  the 
pbysioians  while  obtaining  infozmtion  fro&i  the  patients  and  proved  to  be 
eKbreoaeLy  valuable.  The  data  secured  by  these  means  were  employed  for  the 
statistical  analysis  to  bei  pres^ted  in  Section  9^  viiere  clso  appears  a  de¬ 
tailed  desorlpbioii;  of  the  record  form.  On  these  fozms  were  entered  not 
ooOLy  infonoation  froa  patients  seen  by  the  Commission,  but  also  data  frcsa 
reooxds  already  available^ 
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One  of  the  first  tasks  of  the  Commission  was  to  collect  all  eodsting 
data  and  materials  and  to  establish  an  estimate  of  their  reliability. 
Whatever  proved  to  be  reliable  after  investigation  was  transferred  to  the 
records  of  the  Commission.  In  each  instance ,  the  transferral  of  informa¬ 
tion  from  the  Japanese  to  American  records  vas  accomplished  with  the  aid 
of  English-speaking  Japanese  physicians »  vhose  integrity  had  been  establish¬ 
ed  by  previous  personal  contact >  working  directly  with  the  Azoericans.  Thus» 
accuracy  was  improved  not  only  by  linguiatic  and  medical  vigilance  but  also 
by  opportunity  to  establish  by  direct  <]uestioning  the  exact  meaning  which 
might  be  lost  if  non-professional  translation  services  were  utilized.  The  at¬ 
tempt  was  not  to  ask  leading  questions  and  to  embody  in  the  translated  records 
only  actually  and  uneqxilvocally  recorded  data.  In  this  manner,  old  hospital 
records  of  the  Ujina  Hospital,  Red  Cross  Hospital,  Post  Office. 

(Teishin  byo^)  Hospital,  and  Eusatsu  I^efectural  Hospital  ware  transcribed. 

At  the  completion  of  clinical  work  in  Hiroshima  and  adjacent  cities,  the  rec¬ 
ords  of  the  Iwakoni,  Eure  Navaly  Saljyo,  akayama  Military  and  Okayama  Med¬ 
ical  School,  Takatsuke  Medical  School,  Kobe,  Osaka,  ^roto  Ii^>erial  University 
Medical  School,  and  Kyoto  Brefectural  Hospitals,  and  of  the  Tol^fo  Ijgqperlal 
University  were  reviewed.  In  each  instance,  the  actual  clinical  record  and 
not  a  eummazy  or  chart  was  the  source  of  the  information. 


The  Japanese,  keenly  aware  of  the  necessity  of  aedleal  Investigation  of 
the  casualties  had  sent  several  "research  pextles"  to  Hiroshima  before  the 
arrival  of  the  Joint  Commission.  Certain  distant  hospitals  which  had  re- 
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coiveci  evacuees  £T<m  the  city  in  soiae  instances  also  conducted  their  otm 
studicssf  Reports  wore  issued  from  time  to  time  all  of  theso  ivivesciga- 
tors*  Texts  of  completed  and  projected  works  vrere  coHecfced  "by  Professor 
Masao  Tsuavici,  who  ftimiohed  lists  and  copies  of  the  reports  as  th^~  appeared, 
to  American  motiijere  of  the  Joint  CoiaaiBsion.  The  most  important  of  these 
are  susaaariBed  in  appendix  1  of  this  section*  They  \7ill  be  referred  to  in 
the  teodi  thereafter  by  auiaber  as  th^  appear  in  the  appendix*  To  a  certain 
exterrfi  they  overlap  the  data  susanariaed  in  the  present  report  since  the 
original  recoixis  on  viiich  they  are  based  were  also  revi-ev7ed  by  the  Joint 
CocHniesion,  There  is  much,  however,  concerning  clinical  detail  in  the 

earliest  cases  ^diioh  is  not  otherwise  available^  ^ 

i 

D.  Autopsy  Specimens t 

The  pathologic  descriptions  and  aialyses  are  largely  of  mterial  sup¬ 
plied  by  Japanese  path<^ogists.  This  had  been  ^Tidely  dissaninated  through¬ 
out  the  country  and  the  collection  of  adequate  specim^ais  after  the  devio\is 
process  of  charting  their  rdiereabouts,  required  rather  extensive  travel. 

Almost  aU  of  it  was  yieldi^  willingly  and  in  good  faith.  Seme  came  to 
hand  only  after  various  coDQlex  native  academic  and  political  intrigues  had 
been  untan^ed« 

Ihtch  of  the  tissue  thus  collected  had  been  rendered  unsuitable  by  poor 
fixatiem,  or  by  the  use  of  formalin  of  inadequate  strength.  This  chemical 
had  been  almost  unobtainable  in  Japan  mid  ms  used  very  sparin#y  by  the 
pathologists*  The  autopsies  performed  by  the  group  frooi  the  Tokyo  lirgierial 
University  and  the  Military  Hospital  of  Ujina  were  carried  out  almost  imae- 
diatdy  after  the  death  of  the  patient,  as  were  those  performed  by  the 
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Commission,  Some  of  the  other  material  shows  too  much  postmortem  change 
for  interpretation. 

The  gross  notes  were  translated  directly  to  members'  of  the  Commis¬ 
sion  of  Eng]ish-speaking  Japanese  pathologists.  They  are  for  the  most 
part  brief  and  stilted,  but  in  general  proved  to  be  reasonably  accurate 
when  it  was  possible  to  corroborate  the  description  by  inspection  of  the 
organs  themselves.  Microscopic  sections  were  obtained  from  the  Japanese 
whenever  possible  even  when  gross  material  was  still  available.  The 
latter  was  brought  back  to  U,  S.  iirmy  installations  and  was  prepared  for 
microscopic  study  at  the  Army  Institute  of  Pathology  in  the  case  of  the 
Hiroshima  specimens,  and  at  the  18th  Medical  General  Laboratory  at  Hawaii 
in  the  case  of  the  tissues  from  Nagasaki,  Material  from  the  latter  city 
was  also  prepared  under  the  auspices  of  the  U.  S.  Navy  and  is  stored  at  the 
]>fedical  Center,  Naval  Medical  Hesearch  Institute  in  Bethesda,  Maryland, 

The  protocols,  tissue  and  slides  are  prese3rved  in  the  Army  Institute 
of  Pathology,  The  original  Japanese  sections  were  often  from  better  fixed 
material  since  the  residual  gross  tissue  was  usually  poorly  preserved  in 
the  form  of  ovef-lLarge  blocks  in  dilute  formalin  or  in  formalin  that  had 
been  used  previo^xsly, 

At  the  Army  Institute  of  Pathology  the  accession  number  153930  has 
been  assigned  to  all. of  this  material.  Each  autopsy  has  been  given  a 
"key  nvimber"  tinder  the  general  accession  number  by  which  the  protocols  and 
tissues  are  filed.  A  cross-index  and  giaide  to  all  of  the  material  and  rec¬ 
ords  has  been, prepared  and  is 'available  at  the  Institute. 

5  (4H) 


5 


2.  CLIKIC/iL  AIJD  L;j30Ri\TCKg  STUDIES 

A,  Patients  in  hOTOital. 

Viihen  the  Atoanic  Bcsib  Consuiesion  reached  Hiroshima  on  12  October  1945, 

the  patients  vrere  found  under  treatment  at  several  hospitalso  The  imediate 
problem  was  to  place  them  xinder  the  direct  surveillance  of  the  Ccusaiesion* 

For  this  purpose,  teems  of  /merican  and  Japanese  wore  organised  to  stwfy 
these  cases  in  detail  and  to  observe  and  record  vjfaatever  manifestations  of 
disease  were  still  in  evidencco  Acute  manifestations  had  largely  disappear¬ 
ed  by  the  middle  of  October  aiid  none  v/ith  petechiae  v/ore  seen#  The  iufozDiv- 
ation  concerning  earlier  cases  consequently  is  based  entirely  upon  Japanese 
observations. 

The  patients  at  the  U;}ina  ^^ilitaiy  Hospital,  then  under  tho  control  of 
the  First  Military  Hpspit^,  were  the  first  to  come  under  stud|y«  Then  came 
those  at  the  Kusatsu  Prefectural  Hospital,  Red  Cross  Hospital,  Ccaamunications 
Dqpaztment  (Post  Office)  Hospital,  Sai^o  Sanatorium,  and  Iwakuni  Hospital, 

B,  Clinic  Patitants, 

After  this  phase  of  the  work,  nogotlations  were  made  to  establish 

■  I  ^  ■ 

nics  at  tho  Post  Office  Ho^ital,  vjhich  cared  not  only  for  its  own  employees, 

but  also  for  others  ha4  been  injured,  particularly  those  in  Uslda  District. 
This  clinic  was  maintained  Icontinuously  until  late  in  November,  Here 

l!  ■  -  , 

under  study  and  treatment  j^atients  in  a  stage,  of  recovery  vitio  had  previousily 

ij  ■ 

be©a  acutoLy  dll  and  whose  earlier  records  were  available, 

C,  "Sampling”  Stxidv,  ? 

After  the  initial  phase  of  hospital  vjork  had  been  established,  an  at- 
ten^jb  was  made  to  perform  a  "sampling"  study.  This  was  desired  to  obtain 
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for  examination  not  only  patients,  who  had  been  injured  who  ha/i  become 
ill  as  a  result  of  the  bombing  but  also  healthy  survivors  from  eLLL  zones. 

This  was  not  truly  a  stTxdy  of  individuals  representative  of  the  population 
of  each  zone,  since  there  was  an  obvious  {nredominanee  of  injured  and  ill 
who  wished  to  avail  themselves  of  the  facilities  of  consultation  and  treat¬ 
ment  afforded  by  the  clinic^  Hecdthy  survivors  who  did  come  under  the  sur¬ 
veillance  of  these  clinics,  however,  yielded  ezcelltftt  clues  as  to  why  they 
were  unaffected,  or  apparently  unaffected,  by  the  bombing. 

The  method  was  to  establish  contact  with  some  central  agency  in  repre- 

•  '  '  i  . 

sentatlve  preclacts^  to  eoqilaln  to  them  the  purpose  of  the  vcrk,  to  promlae  a 
certain  amount  of  therapy,  particularly  dressings,  and  to  arrange  that  they 
advise  the  population  to  meet  at  a  certain  time  and  place,  usually  a  school. 

The  necessity  of  obtaining  not  only  sick  but  also  apparently  well  individuals, 
was  stressed  and  the  concentrically  circled  map  was  demonstrated  to  indicate 
what  territory  came  within  the  sphere  of  investigation.  Excellent  cooperation 
was  alaest  always  obtained  from  the  local  police  or  administrative  authorities. 
Appointments  were  made  two  days  in  advance  of  the  time  that  the  clinics  were 
held.  The  aid  of  respected  and  influential  Japanese  physicians  facilitated 
this  liaison. 

Each  clinic  team  consisted  of  an  American  medical  officer  and  one  or 
two  of  the  most  ccmpeteabt  Japanese  physicians,  each  of  whom  was  in  charge  of 
•  team  of  four  Japanese  senior  medical  students  or  recent  graduates.  The  per¬ 
sonnel  of  the  teams  was  kept  constant  so  that  the  ezcellenoies  and  shortcomings 
of  each  individual  soon  became  apparent,  thus  affording  opportunity  of  correction 
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\fj  admonition  and  escamiiLe*  Each  student's  record  vjae  checked  the  lead¬ 
ing  Japaneso,  viio  then  brought  all  of  the  complete  records  for  reviesn, 
one  by  one,  vdth  the  ihnerxcan  medicai  officer  in  charge  of  the  group*  This 
sii'’steaatic  chann^ing  of  authosdty  did  much  to  Improve  the  quality  of  the 
vrorkc 

_ ^During  the  course  of  the  study,  a  distribution  chart  v^as  maintained  in 

order  to  assure  a  representative  sample  of  Individuals  surveyed  as  far  as 
geographic  location  vms  concealed  *  Plans  TTere  made  accox^ing  to  the  indi¬ 
cations  of  this  chart  day  by  day. 

Differentiating  Schemeso 

In  order  to  d:lfferentiate  the  various  types  of  cases,  a  consecutive 
numbering  scheme  vras  saployed  -iTxth  special  prefixes  and  suffixes  to  dlffeap- 
entiate  the  types  of  cases.  The  first  Hiroshima  case  was  given  the  nusaber 
6OOEL,  since  a  block  of  6000  nunibers  had  been  assigned  to  the  parallel 
Hagasalii  study.  Actually,  more  than  6000  patients  were  studied  In  each 
city  and  the  records  viere  renumbered  Vihen  brought  bads  to  the  Urdted  States* 
The  prefix  ”11"  vjaa  used  for  hospital  inpatientsj  those  T»ith  the  prefix  ••O’' 
viere  outpatifents  seer  in  various  clinics  and  those  vfith  the  prefix  "S”  vrere 
individuals  that  came  into  the  ’’sairgsLing"  surv^.  The  suffix  indicated  the 

1' 

place  of  record,,  A  list  of  these  is  appended  (table  l),  for  the  convenience 
of  identifying  the  original  records.  This  scheme  proved  useful  since  it  was 
•possible  at  once  to  identify  the  nature  of  the  case  and  the  place  ishere  ob¬ 
served. 


•> 
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Table  1  (Ccii'cicrascl) 
SUJFElEii 


Kps 

Kyoto  P':*ef6ct\iral.  MedicaJ. 

School  (Oases  studied  e. 

0  Kyoto) 

Kps-H 

Kyoto  Prefecturaj.  Msdicai 

School  (Cases  studS.ed  a 

0 

HiroshiBia) 

Kti 

,  Ka:l.-j;lri  -  ICaa.  (Km-e) 

Hyoto 

Kyoto  University 

H  •  • 

Mitsiibishi  Hoj-jpit.a,! 

H 

Kiho 

C&ayama 

Olccy;?.!;^  Medical  School 

Oh 

OkeyuEsa  Militaxy  KoBi^ital 

CVn 

Onaga 

Oiio 

Ono  Hospital 

Osk 

Osaka  Medical  School 

Ob 

O^bake 

Ou 

Oiiau 

P 

Post  Office  Hospital 

Pe 

Early  Post  Office  Cases 

Pr 

Prison 

S  Red  Cross  Hospltsil  (Hiroshima) 

S  Saijyo 

Sa  Second  Aragr  Hospital 
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Table  1 


(Continued) 


SUFPESS 


Talcatsuk^3 

Talsatsolsi  Branch  of  the  Osaka  Medical  Faciity 

Tot 

Tottori  Array  Hospital 

U 

Ujaim  Hospital 

Uh 

Usids. 

Piablic  Sciiool  #1  ;  , 

Us 

Ujina  Fnblic  School  rfZ. 

Ush 

Usida  Hospital  (Kyoto  Researcn  Cciamittee  Patients) 

Ta 

jfaga. 

lo 

YokogaHa 

8b  (UH) 
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D,  labaratOTY  Data; 

Mich  of  the  laboratozy  data  in  the  pages  that  follow  were  obtained  in 
various  Japanese  medical  laboratories  before  the  Joint  Commission  began  to 
function.  In  scmie  Instances ,  it  was  obvioiis  from  the  results  that  the  tech¬ 
nical  procedures  were  regularly  in  error  and  consequently  the  entire  tech¬ 
nical  output  of  the  laboratory  concerned  was  disregarded  ^cept  for  slides 
and  Specimens  that  remained »  and  were  subject  to  restudy  ly  the  Comnisslpn, 

In  the  survey  work  of  the  Commission^  the  most  commonly  employed  labo¬ 
ratory  procedures  were  the  following: 

1.  White  blood  cell  count,  differential,  hemoglobin,  blood  protein. 

These  were  determined  routinely  in  every  fifth  patient  regardless  of 
Indications.  The  object  was  to  collect  data  conoeming  ejqjosed  but 
asymptomatic  individuals  as  well  as  from  those  who  were  ill. 

Venipunctures  were  performed  on  all  of  these  patients.  Smears  were 
made  directly  from  the  fresh  blood  and  the  remainder  was  brou^t  to  the 
laboratory  in  oxalated  form  for  the  determination  of  total  protein  and 
hemoglobin  by  the  copper  sxilfate*  method  and  for  a  white  cell  count,  A 
chart,  different  from  that  which  appears  in  the  original  method,  was 
emid.oyed.  This  gives  readings  for  serum  proteins  that  are  approximately 
0.6  gram  higher.  When  the  hemoglobin  was  below  8  grams  per  cent,  red 
blood  counts  and  hemoglobin  were  usually  also  determined.  In  normals 
or  near  normals,  the  Sahll  and  copper  sulfate  method  .usually  checked 
within  0.5  per  cent  bui  occasionally  were  off  as  much  as  2  grams  per  cent. 

<Slmmons,  J.  S.,  and  Gentzkow,  C.  J.  Laboratory  Methods  of  the  United 
States  Axmy.  5th  Ed*  n.  Lea  and  Feblger,  Philadelphia,  1944* 
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2o  Price  Joiieg  cr.:i^"v-cs  v/wre  defceKijjaed  on  some  of  the  smeiiz’s  ?daen 
they  T.'er'.’e ■  u5.'’ov.r®.'o  ccck  to  ';‘>he  Uiiited.  States  (See  Section  6)» 

3«  Reticui-oCy/SiCK  ^7ore  coi::ited  in  biilliant  eresyl  b3.ue  preparatix>ns 
countersbainei  vy;i;bli  Ifriglsb  or  Giesiisa  soltsbion.'  The  brilliant  cresyi 
blue  v:as  spread  cn  sQ.ides  -ddch  v/ere  aHov^ed  to  dry.  The  blood  -aas 
tlieji  G-policd  in  a  tiiin  \/ho  £.'i:;.d8  X:b.s  aJ...<.cfi'ied  to  I’SE.ain  in  a 

moist  chamber  for  apT;roxi!iri:Ybely  3  ano.  then  was  count erffbained# 

4i.  Platelet  count Ss  These  were  iii3,de  in  perur-iiient  saoars  idiach  had 
boea  prepared  by  tho  method  of  Pcnic--  *^y  prncture  of  the  finger  through 
siagnesikffii  suIf'Yfce  Golrt;;,o':u  The  oy  this  metliod  in 

eapansEO  mabjects  v/erc  oo-il  to  ;.-:;:;vo  irem  I60;t)00  to  30Q;SOOj  with  an 

averac'e  le'/el  of  230,000,., 

5»  The  blooding  tin©  v:as  per.to-.r.Yd' ey  the  me’c-hod  ■  of  L'xiLce  u.'sa.ng  y-ilter 
caper  ?>.r>r1  ear  blood,  ancl  the  clothing  time  was  esti'iiiatcd  i:>5"  the  moonod 
’  of  Sahli  and  Ponio~,  using  either  ai.ass  aLides  or  a  \witch  gl.o.ss  and 
eai^iloying  a  drawn  otit  glass  irod  as  the  "wirec" 

6*  Bone  marroff  xitxs  aspircvbed  with  a  ^16  short  ncedlct  The  stomum  or 
a  spinous  process  near  its  junction  tdth  the  arch:  of  a  vextebra  vk3.s  the 
site  of  choice.  The  latter  tos  ccomonly  employed  by  Dr.  Ifekao  of  Tokyo 
Inqpeilal  University.  It  is  done  vdth  the  patient  in  the  sitting  posi¬ 
tion  and  has  the  advantage  of  concealing  the  large  needle  from  the 
mtient.  Also  it  rai.ieves  him  of  the  fear  induced  pressure  on  the 
thorax,  no  matter  how  gentle.  Little  difficriLty’  was  encountered  in 
obte,ining  satisfactory  specimens  of  marrow  wliich  are  entirely  comparable 
to  that  obtaisioi  from  the  sternum.  Very  gentle  'suction  with  the  syringe 
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was  employed,  to  reduce  the  dilution  factor  as  much  as  possible, 

I 

The  smears  were  immediately  fixed  in  absolute  methyl  alcohol  and 
stained  either  by  the  Giemsa  or  Wright-Giemsa  methods.  All  prepara¬ 
tions  made  by  the  Commission  were  by  the  latter  method, 

7,  Sperm  counts.  The  cooperation  of  Japanese  patients  was  enlisted 
by  explaining  the  medical  indications  or  b7  the  use  of  small  gifts. 

The  material  \ms  produced  at  the  clinics  by  the  friction  method  and 
was  collected  in  test  tubes  and  immediately  examined  for  motility. 

Gotmts  were  made  usually  within  4  hours  using  a  diluent  consisting  of 
5%  sodivim  carbonate  solution  containing  IS  formalin  and  a  standard 
hemacytometer, 

8,  Endometrial  biopsies  were  obtained  by  ordinary  curette  in  patients 
with  amenorrhea.  The  work  was  performed  by  &  special  Japanese  team 
under  the  supervision  of  Dr,  Mitani  and  Dr,  Iwai  at  the  Red  Cross 
Hospital.  They  obtained  complete  records  of  the  menstrual  histories 
and  exT^ned  each  patient  gynecologically. 

Other  techniques  used  in  Japanese  Laboratories  before  arrival  of  the 
Joint  Commission  were  as  follows: 

1,  Sedimentation  rate  by  the  method  of  Westegren,  Usually  the  one-hour 
reading  was  recorded  or  in  some  instances  a  curve  was  made  vdth  the 
final  reading  at  2  hours, 

2,  Icterus  Index  by  the  Meulengracht  procedure. 

3,  Serum  bilirubin  by  the  method  of  van  den  Bergh 

4,  Urobilinogen  by  the  method  of  Ehrlich. 

5,  The  Takata-Ara  reection  by  the  standard  method  as  originally  described. 
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6.  Occult  blood  In  feces >  either  hj  the  benzidine  or  Guaiac  methods. 

The  latter  which  is  known  to  be  more  specific  gaye  results  which  wore 
positive  approjcimately  one-third  as  frequently  as  the  fomer, 

7.  Gastric  juice  was  examined  by  the  method  of  Katsch-KsQk, 

8.  The  few  blood  cultvires  that  were  made  were  done  by  the  inoculation 
of  nutrient  broth  and  also  by  the  inoculation  of  a  bile  broth.  The 
latter  was  employed  particularly  in  the  attempt  at  detection  of  tyjdioid 
bacilli. 

9.  Ifedia  tised  for  stool  cttltures  were  the  Endo  plate  and  Conradi- 
Drigalski  m^ia. 

10.  The  non^protein  nitrogen  was  performed  according  to  Kowarskl* 

This  reqviires  some  discussion  since  the  results  in  the  patients  with 
radiation  effects  as  tested  late  in  September,  1945,  were  low.  Three 
control  levels  that  had  been  used  at  the  time  the  method  was:  first  put 
into  operation,  approximately  10  September  1945,  ranged  between  25.0  and 
26.7  milligrams  per  cent.  A  Sonogyi  filtrate  followed  by  Nessleriza- 
tion  was  employed.  There  was  some  question  of  the  purity  of  the  mercury 
used  in  preparing  the  Hessler  reagent. 

The  methods  used  by  the  Kyoto  research  group  were  similar.  Im 
addition,  serum  proteins  were  determined  by  the  Polhrich  refractcoeter. 

*  dopstock,  M. ,  and  Eowarski,  A. :  Praktikom  der  Ellnischem,  Chemischen, 
HUcroskoplschen,  und  Bakteriologlscher  Untersuchungsmethoden,  (Revised 
by  Tllimanns  and  Qhhesorge).  1940.  Japanese  Edition. 
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aiid  Laboratory  Control  a  ^ 

It  was  necessary  to  obtain  b'\ckgro*a^id  iiiformation  Tor  intex'pv-eting 
both  clinical  and  iabox>atoxy  infoniia;h-i.oa  of  this  soiuo^^iat  imclsmourished 
population  living  in  a  disorganised  ccrmvaiit^-  vvhsre  thsro  vma  abundant 
opportunity  for  the  spread  of  infectious  diseases,  why  no  laajor  opidemcs 
were  i-3i3orted  is  a  cbaniiLeta  royatery,  considering  the  hovels  rinto  vihich 
p^ients  were  crowded  and  the  dubious  sources  of  water  that  were  eiyvipyed. 
•For  these  purposes,  individuals  situated  at  -the  periphoiy  of  the  city  vrould 
in  some  measure  act  as  controls  for  those  nearer  the  center:  the  factors  of 
diet  and  infection  can  be  assunad  to  have  affected  both  groups  equally. 

Balanced  control  groups  were  established  to  a  limited  extent.  Ih© 
first  consisted  of  en^oyees  of  tho  railroad  who  had  boon  at  Ujina  Base 
Office,  4.6  hm  distant,  in  coraiarison  vrf.th  oa^loyees  ;dio  had  been  at  v;ork 
at  the  main  station  and  associated  l.S  km  distant*  .toother  group 

comprised  students  at  the  provi.slonal  H:l-oshima  Kif^,  School  near  lOiitaichi 
who  had  been  far  from  Hiroshima,  at  the  tirae  of  the  bonSbing.  Those  were  com- 
poredovdth  their  fellbv/s  equal  in  ago  liexi  been  closer  to  the  center. 

Aia)  CAgaiU.T3[bS 

The  teportait  prcblme  to  obtain  aj  aocmeto  eebfete  of  the  pop*, 
lation  of  ttie  city  at  the  tiae  of  the  bCEbJOB  aid  an  odeipiatD  etatiefcicta 
eaejie  of  ewvivore  *o  ooeld  give  truotvorthy  infoieiatioa  ooncwnlng  the 
dieioeltion  end  fate  of  individuals.  The  ultteate  pupioso  of  tho  atud;.  vse 
the.  eonetruetion  of  a  curve  ehoidns  the  felatlcn  betKeen  the  oaeuelties  end 
the  dletance  fi-om  the  bee*  and  the  eluci&tlen  of  the  oauees  of  the  oeeual- 
tiee.  In  the  inttov  of  eaapling  of  -the  population,  the  Ooiailselon  vne 
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advised  late  in  Hovsniber,  1945s  by  Lt,  Harold  Kisselson,  USIEij,  of  the 
United  States  Sbrategic  Boiubing  Siirvey.  The  actual  vsork  and  smch  of  the 
jianning  vrare  perfOiiaed  by  Captadn  (then  1st  Lt»)  Marvin  £»  Habd^  FA^ 
vdth  the  assistance  of  Dr,  Hctosabxaro  Masuyanas  of  the  Institute  of  Statis¬ 
tical  Mathematics  of  the  Japanese  Department  of  Education.  A  sub- 

fflitted  to  The  Chief  Surgeon  at  GHCe^  ToiiyOj,  on  3  December  1945 ^  viiich  was 
approvea.  The  group  arrived  at  Hix’oshiraa  on  7  Decesiiber  194S  compLefted 
its  mission  on  the  22ndo  The  methods  employed  in  arriving  at  an  esbajaate 
of  the  pre-raid  popiilation  and  of  the  casualties  are  presented  in  Section  ICE, 
H:lsborlca3-ly,  the  procedures  just  discussed  actually  were  the  last 
adopted.  At  the  outset  it  vjas  thought  that  the  best  method  would  be  to 
analyse  the  casualties  of  various  groups  scattered  about  the  city  at  imown 
distances  from  the  center.  Data  on  the  schools  were  collected  for  this 
purpose  by  various  raenbers  of  the  Tol^yo  First  liHitary  Hospital  vdio  were 
stationed  at  the  UjdJia  Hospital.  They  do  not  provide  a  representative 
sample  of  the  population,  bxrt  yield  certain  infomuition  of  value. 

Data  concerning  certain  other  specific  groups  whose  conditions  of  ex¬ 
posure  and  subsequent  fate  vrez'e  knovai,  were  also  soxi^t  in  an  effort  to 
analyze  the  various  individual  factors  concerned  in  producing  the  total 
casualty  rate.  Such  information  vius  forthcoming  inasmuch  as  certain  villages 
and  school  s  that  had  sent  “patriotic  workers  groups”  into  Hiroshima  on  the 
day  of  the  bomibiag  liad  kept  records  that  gave  oU  the  appearances  of  trust- 
Hor-tiiiness,  These  are  also  presented  in  Section  lOH, 

4*  iil4u,ISIS  OF  FACTORS  IH  PROTiiSTION 
The  factors  of  pr-otection  agaiiist  blast,  heat  and  radiation  sidoiess 
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were  studied  in  the  indi-dldtial  cases  at  the  tsjrie  the  histories  v/ere  taken 
and  physical  examinations  performed.  In  patients  viho  had  been  burned, 
clothing  was  collected  azid  its  odor  and  cut  wero  correlated  with  the  loca«~ 
tion  and  character  of  the  bume  Pertinent  data  are  presented  in  Section  5Hi> 
In  particular,  an  attonpt  vias  made  to  discover  vjhy  certain  persons  escaped 
injury  althou^  dose  to  the  center*  Such  patients  provided  a  due  to  the 
stuejy  of  larger  groups,  such  as  the  school  girls  in  certain  concrete 
shdtero  in  the  Chogoku  Arny  Headquarters  (Section  HH)* 

Teams  v/ore  organised  ivith  the  specific  dt&y  of  collecting  dinical  data 
concerning  people  in  specific  buiJ-dings,  of  establishing  their  exact  positionf; 
and  of  making  measurements  later  to  be  used  in  filtration  factors*  1st  Lt* 
William  Vance,  SnC,  of  the  29th  Malaria  Survey  Detachment  at  Kure,  vdiose 
engineering  talents  came  to  light,  vms  attadied  to  the  Commission  for  the 
purpose  of  determining  certain  measurements  of  buildings.  Dr.'Koiti  Murati, 

•  i  '  ’  ' .  - 

the  biophysicist,  m:id  Dr*  Tiikeo  Murai,  vdth  the  cooperation  of  Japanese 
students,  esdiibited  great  togoauity  and  industry  in  the  atudiy  of  buildings 
a.id  in  locating  and  intervievdng  survivors* 

These  various  types  of  study  were  done  in  sequence  only  in  a  general 
soase.  Actually,  it  nas  possible  to  proceed  simultaneously  vdth  several 
phases  of  the  exaednatioao 
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Appendix  1  -  Section  4H 
ABSTRACTS  OF  JAPANESE  REPCETS 
Edited  by  Verne  R.  Ma,son,  Col.,  MC 

In  this  section  are  presented  in  brief  the  salient  featixres  of  the 
most  im^^rtant  reports  concerning  Hiroshima^  of  the  Japanese  investigators. 
Ehiphasis  is  placed  on  observations  of  early  cases  that  cotild  not  be  made 
by  the  Joint  Commission  itself ,  on  other  material  of  interest  that  does  not 
appear  in  the  body  of  this  report,  and  on  certain  matters  with  which  tlje 
Joint  Commission  is  not  in  agreement  but  which  may  be  worth  recording.  The 
translated  Japanese  reports  are  available  in  full  at  the  Army  Institute  of 
Pathology  and  are  filed  with  other  materials  of  this  sttidy. 

1,  Army  Medical  College  and  First  Tokyo  Aimr  Hospital;  "Madical  Report  of 
the  Atomic  Bombing  in  Hiroshima." 

This  is  a  comprehensive  report  dealing  largely  with  712  patients  seen 
in  the  following  Army  hospitals  by  Japanese  medical  officers:  First  and  Sec¬ 
ond  Hiroshima,  Fukuyama,  Okayama  and  Himeji.  The  report  was  compiled  by 
members  of  the  Army  Ifedical  College  in  Toyko  and  the  First  Tokyo  Army  Hospital 
who  proved  to  be  among  the  best  trained  physicians  encoimtered  by  the  Commis¬ 
sion  in  Japan.  Their  observations  were  made  between  8  August,  when  some  of 
them  arrived  in  Hiroshima  to  work  in  the  aid  stations,  and  the  middle  of  Nov¬ 
ember,  1945.  It  is  the  resilLt  of  the  cooperative  efforts  of  these  officers 
together  with  those  of  the  members  of  the  faculty  of  the  Tokyo  Imperial  Univer¬ 
sity.  Many  of  the  latter  were  later  with  the  Joint  Commission.  The  original 
clinical  records  were  made  available  to  the  Joint  Commission  and  the  essential 
data  were  transcribed  to  the  standard  form  and  have  been  made  part  of  the  mate¬ 
rial  for  the  statistical  analysis.  Major  MLsono  and  other  moving  spirits  in  the 
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Japanese  enterprise  worked  directly  with  th^  Coianiission  in  accomplishing 
this  transfer.  The  tabulaCed  data,  as  summarized  in  the  final  report  of 
the  Army  Medical  College,  was  found  to  be  completely  accurate  in  every  de¬ 
tail  when  checked  against  the  original  records.  For  this  reason,  as  well 
as  on  the  basis  of  the  personal  contacts  with  the  medical  officers  of  the 
Army  Medical  College,  much  reliance  is  placed  on  the  descriptions  by  these 
observers  of  the  casualties  in  the  early  weeks.  The  data  collected  during 
the  week  before  and  after  1  September  1945  when  the  signs  and  symptoms  of 
radiation  effect  v/ere  most  spectacular  are  particularly  well  documented. 
Numerous  hematological  and  pathologic  specimens  collected  largely  by  the  mem¬ 
bers  of  the  Tokyo  Imperial  University  at  that  time  were  made  available  to 
the  Commission.  They  were  among  the  most  excellent  technical  preparations 
that  became  available.  Another  series  of  bone  marrow  aspiration  biopsies  was 
performed  by  Professor  Morita  of  Yamanashi  Medical  School  late  in  September, 
These  were  also  reviewed.  Among  the  laboratory  procedures,  in  addition  to 
ordinary  hematological  work  including  bleeding  and  clotting  time,  platelet 
counts,  fragility  tests,  bone  marrow  punctures,  were  the  following!  Deter¬ 
mination  of  sedimentation  rates,  incterus  iniex,  serum  bilirubin,  urobilin 
and  urobilinogen  (in  addition  to  ordinary  tirinalyses) ,  Takata-Ara  reactions, 
blood  chlorides  aw3  NPN,  determination  of  occult  blood  in  feces,  parasitolo¬ 
gical  examinations,  stool  cultxires,  blood  cultures,  and  examinations  of  gas¬ 
tric  juice.  All  evidence  indicated  that  the  work  was  carefxilly  done. 

Three  series  of  necropsies  were  performed.  The  first,  a  group  of  12  who 
died  during  the  first  two  weeks,  were  autopsied  by  Major  Yaniashina  (AIP  Key 
noq,  1-12).  The  second  seriles  were  performed  from  29  August  to  7  September  by 
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members  of  the  staff  of  Tdcyo  Imperial  University  (AIP  Key  Nos,  21-46), 
Patients  who  died  late  in  September  or  early  in  October  were  necropsied 
by  members  of  the  First  Tokyo  Hospital,  especially  Major  Qhashi  (AIP 
Key  Nos.  13-20),  The  results  of  these  investigations  were  carefully 
summarized  in  the  Japanese  report.  The  original  material  was  reviewed 
by  the  Joint  Commission  and  the  results  appear  in  Section  8,  together 
with  material  from  other  sources.  ^ 

The  Japanese  report  contains  a  detailed  statistical  analysis  of  cer¬ 
tain  symptoms,  especially  epilation,  in  relation  to  time  of  onset,  dis¬ 
tance,  sex,  and  other  factors. 

A  casualty  study  of  groups  of  school  children,  suggested  by  the  Joint 
Connission,  was  carried  out  by  the  Army  Medical  School  and  is  reported  by 
them.  The  data  analyzed  according  to  eaqiosure  groups,  appears  in  Section 
lOH  of  the  Joint  Commission  Report. 

Other  valuable  investigations  were  made  "by  the  Japemese  medical  of¬ 
ficers,  including  a  study  of  groups  of  soldiers  who  came  to  the  central 
district  shortly  after  the  explosion  and  who  stayed  there  for  several 
days,  .  None  of  these  was  found  to  be  suffering  from  severe  radiation  sick¬ 
ness  although  the  sedimentation  rate  was  elevated.  None  of  the  leukocyte 
counts  was  below  5f000. ' 

Ija  a  civilian  group  from  the  village  of  Ishiuchl,  however,  who  worked 
at  Hiroshima  shortly  after  the  bombing,  there  were  a  few  patients  with 
leukopenia  when  tested  at  the  end  of  September  194-5,  About  l/3  of  them 
had  been  caught  in  the  rain  which  fell  a  few  hours  after  the  explosion. 
Since  the  village  was  some  8  km.  downwind  from  Hiroshima,  split  products 
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could  conceivably  have  feillen  in  'this  area.  None  of  "the  pa'tiexxte  uas 
severely  ill.  The  factors  involved  are  coB^eK  and  consequently  diffi¬ 
cult  to  analyze. 

Near  the  village  of  Purus,  there  was  found  a  zone  idiere  the  radio¬ 
activity  was  several  times  that  of  the  background  for  the  Hiroshima  area. 

Here,  there  bAd  been  a  colored  shower.  Fission  products  were  proved  to 
exist  in  low  concentration  la  this  area,  SIX  villagers  were  found  who  had 
not  been  in  Hiroshima,  None  of  these  was  found  to  have  leukopenia  when 
tested  on  4  October  1945.  Two  had  counts  between  11  and  12  thousand,  Unp> 
fortunately  no  previous  nor  subsequent  leukocyte  counts  are  available  for 
the  group, 

Physical  data  obtained  by  menlbers  of  the  Institute  for  Fhysleal  and 
Chemical  Research  between  15  and  17  August  and  again  at  the  beginning  of 
September  are  presented.  Since  the  work  of  the  physicists  lanasaki, 

Sugiffloto,  TanaddL,  and  Kimura  and  of  the  biophysicist  Mcnati  is  described 
in  detail  in  the  Appendix  of  Section  2,  no  farther  comment  will  be  made 
here  except  to  present  the  dosage  data  prepared  by  the  Japanese,  (Flgare  3) , 

The  physicists  calculated  the  nomber  of  thermal  aeutroas  on  the  basis 
of  radioactivity  of  phosphorus  in  bone  to  be  of  the  ord^ 

fast  neutrons,  on  the  basis  of  radioactivity  of  sulphur,  to  be  approximately 
10^3,  Prom  these  estimates,  the  gamma  ray  dosage  at  various  distances  pro¬ 
duced  by  capture  of  thermal  neutrons  in  nitrogen  was  calculated,  as  was  the 
fast  neutron  dosage  in  r  units.  This  last  dosage  was  multiplied  by  e  factor 
of  5  to  give  the  nwHinal  biological  equivalent  as  compared  with  gamma,  ray 
r  dosage.  The  result  plotted  as  if  the  total  r  dosage  were  from  gamma  rays 
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are  shovn  in  figure  3.  The  vritera  state  that  the  values  for  the  total 
r  dosage  as  shown  here  are  higher  than  indicated  by  biological  effects 
since  the  zone  where  epilation  was  observed  did  not  in  their  experience 
extend  beyond  1300  meters.  This  would  correspond  to  a  dosage  of  approxi¬ 
mately  600  r  of  gamma  rays  at  energy  of  2  million  electron  volts.  The 
calculated  roentgen  dosage  at  this  point,  however,  is  approximately  twice 
as  aruch. 

Among  other  observations,  were  those  made  of  photograidilo  materials 
which  had  been  obtained  from  various  hospitals  and  shops.  They  included 
X-ray  and  other  negatives  and  printing  papers.  Fogging  was  detected  in 
such  materials  as  far  as  3  Im  from  the  center. 

2.  The  Beaeayeh  Coinmifl^ian  of  the  Kyoto  ImpafHftl  nwivayattY*  WRrelimlnary 
Report  of  the  Disaster  in  Hiroshima  City  Caused  by  the  Atomic  Bontb.'' 

J^roto  Laperial  University  together  with  Kanazawa  Medical  School  sent 
this  oommissloa  luto  the  Hiroshima  Area  on  4  September.  They  established 
themselves  in  two  grot^,  one  at  Qno  Hospital  where  76  Inpatients  and  124 
outpatients  were  studied  and  the  other  at  Usida  in  the  reservoir  area  of 
northeast  Hiroshima  where  many  patients  bad  taken  refuge.  Six  hundred  and 
forty-five  outpatients  were  seen  there.  The  work  of  this  commission  was 
tragically  interrupted  when,  during  the  great  tycoon  of  17  September  19459 
shortly  after  10  H(,  a  landslide  orashed  through  the  central  section  of  the 
hospital,  eaxrying  into  the  sea  10  of  the  outstanding  investigators  includ¬ 
ing  I^ofessors  Sugiyama  and  Mashlta,  together  with  most  of  the  patients, 
records  and  equipment.  The  clinic  at  Usida  also  was  damaged.  According  to 
their  repozt  "with  much  iregret  we,  therefore,  had  to  stop  our  work  at  Hiro¬ 
shima  and  return  with  the  ashes  of  our  friends." 
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The  report  nevertheless  presents  much  of  value.  There  were  recorded 
the  findings  of  3  necropsies  performed  during  the  first  week  after  the 
bombing.  These  were  said  to  have  been  performed  at  Ninoshima  by  Dr. 
Sugiyama  but  were  also  reported  under  the  name  of  Major  Yamashina  of  the 
First  Army  Hospital.  Slides  and  protocols  were  obtained  from  both 
sources  and  appear  as  Key  Numbers  2,  3j  and  in  the  Army  Institute  of 
Pathology  series.  Focal  puDraonary  emphysema  found  in  these  patients  was 
interpreted  as  associated  wi-th  blasts.  Summaries  of  the  protocols  of  13 
necropsies  performed  as  Usida  and  8  at  Cno  also  appear  together  with  a 
series  of  26  photomicrographs. 

There  are  many  tables  of  clinical  symptoms  and  laboratory  data  clas¬ 
sified  by  distance  and  time  of  observation.  A  table  of  normal  values  for 
white  and  red  blood  cell  levels  in  persons  in  the  Hiroshima  Prefecture  is 
supplied.  The  date  on  which  the  counts  were  made  and  the  exact  location  of 
the  subjects  is  not  stated  (table  1), 

The  Takata-Ara  reaction  was  positive  in  lU  of  21  patients,  more  fre¬ 
quently  when  the  leukocyte  count  was  below  2000,  The  reaction  was  negative, 
however,  in  3  severe  and  ^  mild  cases  of  radiation  effect. 

Blood  bilirubin  estimated  in  17  severe  and  U  mild  cases  was  found  to 
be  elevated  only  in  one  instance.  . 

Vitamin  C  levels  were  reduced  in  practically  all  subjects. 

The  Electrocardiograms  were  studied  in  50  patients' varying  from  18  to 
ii5  years  of  age.  The  Q-T  interval  was  prolonged  in  9  of  these  and  the  T 
wave  had  a  dimini shed i  amplitude  in  3»  These  findings 'were'  to  be 

associated  with  ''anemia  and  asthenia,”  In  one  mild  case  there  was  an  un¬ 
explained  bundle  branch  block  and  in  another  the  findings  suggested  an 
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normal  Val\ies  of  VJBC^  RBC^  aiid  In  Hiroshima,  Profecture 


Number  of 
Observations 

17BC 

RSC 

Hgb 

(1) 

Color 

Index 

Ma.viw.TiTti 

aliniimnii 

/  A2 
( total) 

13520 

4550 

5J>4. 

3.a 

10$ 

79 

1.34 

0.76 

A«e  5-74  years 

Uale 

23 

7320 

4.54 

95 

1.05 

Female 

19 

7S2d 

4.35 

94 

1.09 

Average 

42 

7424 

'f 

4.95 

94.5 

1.07 

Age  15  -  55  years 

Average 

33 

7226 

4*4B 

97 

1.08 

*  Prcaa  Sd>suda,  Fukase  axid  Wakiaaks 
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infarct  of  the  sz^cardimo 

3*  Pro*  K«  Shirai^  H<,  Samgalci^  X«  OgaaaTJsra,  H«  Tanabe: 

"The  Effects  of  Atomic  Bcscb  on  the  Hionan  Beings  at  Hiroshima"*  A  Report 
from  the  Hiroi^iaa  Sonatorium  at  Saijyo* 

This  detailed  report  ccnacoraD  77  patients  with  "radiation  siolmess" 
and  32  patients  vho  had  burns  of  varying  degrees  of  severity*  It  is  il« 
lustrated  vdth  50  tatxLes,  5  figures  and  2  loaps*  It  is  an  attest  at  statis¬ 
tical  analysis  and  correlation  of  symptcmis  based  upon  this  rather  scan^ 
material*  Studies  were  made  of  fever  in  relation  to  the  eys^irtams*  Asumig 
the  conclusions  are: 

1*  That  the  fever  aj^eors  earlier^  the  more  severe  l^e  disease* 

2«  That  epHation  usually  appears  earlier  than  i^e  fever* 

.  3*  Pharyngeal  pain  and  tonsillitis  begin  at  the  same  time  as  the 
fever*  or  later* 

h*  Gingivitis  and  petediiae  usually  become  manifest  later  than  the 
onset  of  fever* 

5*  ^  relation  to  deferveaomaoe*  ITioryngitis  ceases  before*  pebechiae 
before  or  during*  and  gingivitis  usually  after  the  end  of  the  febrile 
period* 

Correlation  is  also  made*  in  these  relatively  late  cases*  of  syi^Mis 
with  leukot^e  counts*  It  is  concluded  that  epilation*  fever*  pharyngitis* 
gingivitis  and  petechiae  occur  before  the  leukoc^e  count  reaches  its  miniDnan* 
Xt  binned  patients*  the  minor  bums  were  usually  associated  with  leu¬ 
kocytosis  but  loukopmia  appearcKi  more  frequently  among  patients  with  esten- 
sive  bums*  The  latter  were  found  to  have  been  closer  to  the  center*  idxich 
probably  accotmts  for  this  diff erenco. 

22  im)  ^ 


Twenty-two  electrocardiographic  examinations  were  made.  The  changes 
were  minor  except  in  one  case  where  Ventriciilar  extrasystoles  were  found 
together  with  other  changes  interpreted  as  indicative  of  "myocardial 
lesions",  (One  note  among  the  obseirvations  of  interest  was  that  the  Rtunpel- 
Leed  test  was  positive  only  in  a  few  instances  even  in  patients  with  severe 
symptoms  of  radiation  effect.  Resistance  of  blood  capillaries  tested  by 
Borbely's  method  also  was  found  to  be  normal  except  in  one  case, 

a’ 

4.  J,  Kuno,  Lieut.  Comdr.  Japanese  Navy;  "Report  on  Patients  Injtired  by 
the  Explosion  of  the  Atomic  Bomb  in  Hiroshima",  Ivmkuni  Naval  Hospital, 

This  paper  concerns  51  patients  who  had  been  transported  to  Iwakuni  by 
ambtilance  on  6  August  and  2  patients  brought by  boat  from  Nagasaki  following 

o 

the  bombing  on  9  August  in  that  city.  The  following  are  the  observations  of 
note; 

TYPE  OF  INJURY 

Burns  alone  34 

Burns  and  Mechanical  injury  47 
Simple  Traumatic  Injury  19 

It  was  stated  that  almost  eill  patients  had  burns  of  eyelids  and  simple  con- 
jxinctivitis  which  disappeared  in  between  3  and  7  days.  Other  observations 

•j  ■ 

are  of  a  non-specific  natwe  and  ho  particulars  concerning  dates  are  sup¬ 
plied, 

5.  '  Hematological  Study  of  the  Atomic  Bomb  Disease.  Nakao,  E,,  Kobayashi, 

G, ,  Kato,  S,,  Yano,  Y,  >  ^d  Komiya,  N,  Imperial  University  of  Tokyo, 

Medical  Clinic  (Dr.  K,  Sassa). 

Nakao  and  his  co-workers  summarized  the  results  of  an  examination  of  a 
total  of  1681  patients.  Precise  clinical  and  hKnatological  records  were 
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stado  d£  107  ^  these#  Included,  ia  the  i^eport  are  counts  on  speciaens 
of  bone  aarrow  obtained  in  91  punctures  of  some  75  patios,  ill  of 
these  specisiens  trere  made  available  to  the  Joint  Cosasdseion  and  have  been 
reviewed  together  \;dth  the  clitiicel  histories  of  the  patients* 

The  'nork  was  in  2  jaain  phases*  Between  3  £Sid  11  Septosber^  obsesrva- 
ti<»is  were  made  at  the  U^im  Hospital  as  part  of  the  cooperative  effort 
of  the  TOljyo  Imperial  Itaiversity  and  the  llilitaxy  Medical  authorities  at 
that  ostabiishment «  The  second  phase  was  after  12  October  the  group 
f3Poaa  Tohyo  Iag>e3?ial  University  ims  functioning  ^vith  the  Joint  CcssBission* 

In  addition,  material  ms  made  available  by  the  Iwakunl  and  Saijyo  Ho^i- 
tols*  These  patieats  had  had  hosatological  stidies  during  the  f isrst  vedii 
after  aduissicn*  Clinically  they  ediibited  fever,  stomatitis,  and  jharyih* 
gitis  tiithin  the  first  xseek*  There  ms  also  a  rapid  deveLopment  of 
and  smae  nucleated  exythrot^es  appeared  in  the  peripheral  blood*  Further 
evidence  of  rapid  destiniotion  of  tho  marrow  ms  the  severe  leukopon^iA 
occurred  within  tho  first  seven  daye*  Giant  neutrophiles  were  pres(3xt* 

The  most  rapid  fall  occurred  in  the  lymphocytic  series*  In  a  few  instances 
the  platdote  also  fell  moderately  but  tho  maximuBi  reduction  ms  not  tsttil 
the  3rd  to  4th  we<k*  Busing  the  period  of  regeneration  in  later  eases, 
Nolcao  noted  one  patioxt  in  whom  the  platelets  rose  to  voxy  bjeii  levels  tem¬ 
porarily  foUowed  by  a  fall  to  dli^tly  greater  than  normal  figures.  In  the 
material  from  the  regenerating  laasroris  there  tjero  also  lorge  cells  v/hidh  he 
tomed  mogaloblastoid.  Eosinophiles  iTere  prominent  in  the  peripheral  blood 
and  bone  marro'w  at  this  time.  The  lymj^iocytes  came  back  slowly  and  in  some 
cases  were  not  quite  up  to  iios^al  at  the  c5th  week. 
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Cna  concltisicsa  tsas  that  the  remarkable  diff  erersce  botvreeai  this  and 
other  types  of  aj^asbic  anemia  %-5as  the  greater  I^oj^asia  of  the  aarrow;, 

'crhich  however  retained  a  capiicity  for  regcaaeration. 

6#  Patho^^AnatoBiical  Stv.d3.q3  of  3h  Atcaaxc  Bosib  Cases  at  the  Cities  of 
Hiroshi™^  and  IlagasaidL*  (The  First  Report) ,  M,  Hijrakej  Pathological  In- 
stitute^  Tol^o  Jiaporial  University* 

fhis^  tho  flrot  report,  is  a  description  ajid  chalysis  of  2d;  cases  froa 
Hiroshima,  2  of  tMch  vror©  necropoied  at  Tol«yo  In5)erial  University,  and  0^^ 

6  patients  aubopoied  at  Nagasaki*  Material  frcci  all  bub  one  of  those  is  now 
ixL  the  U,  S*  i\33By  Institute  of  Pathd.ogy,  and  the  results  of  the  imorican  ro^ 
view  of  tho  material  Is  part  of  the  Joiat  Comniission^ s  report*  , 

Miyake*  s  rovlecr  is  divided  into  7  pdito*  The  preface  coneldera  the' ior 
;hirious  factors  in  the  bombing  and  the  deboaidnants  of  thoijr  effect  t^on  the 
patient,  sudh  as  position,  ohiaLding,  etc*  Tho  section  on  metho^  outlines 
the  10  clinical  and  10  '’pabhoi-anatomiccl"  headings  under  tdiich  the  findings 


are  subseciuently  doboiled. 

The  boOy  of  the  report  is  a  detailed  and  eystematio  description  of  eadi 
of  the  cases*  1310  tronalatod  protocols  are  in  tho  AlP  files*  Then  foUowe 
a  general  revlevr  of  the  observations  at  neoropsy  and  a  redloosif  iootlon  of 
«diat,  in  the  opinion  of  the  v^riter,  are  the  direct  ^d  Indirect  effects* 
Forty-eight  photomicrographs  illustrate  tho  oases* 

7*  Koitaro  SMmlgu  (Tokyo  ZmoeriBl  University)  "Influence  of  the  Atooin 
Bomb  upon  Speisnatogenesis*” 

This  report  presents  data  concerning -d  patients  who  had  not  received 


raeshotiical  iiijurjr*  jevesi  of  theco  ix-tiontt  ■-■cre  fro-a  llirodiiiKi.  and  one  from 


Nagasaki,  The  findings  in  one  mn  who  had  been  at  Hlroshlina  3  km.  from 
the  center  were  normal.  The  counts  in  other  individuals  generally  show¬ 
ed  a  reduction  of  motility  and  an  excess  of  abnormal  forms,  particularly  if 
the  second  or  later  ejaculates  were  examined.  Reduction  in  numbers  occurred 
in  those  who  had  had  severe  leukopenia. 

The  witer  states  that  the  normeil  volme  in  Japanese  is  2  to  5  grams, 
the  normal  number  above  48,400,  and  the  percentage  of  abnormal  forms  less 
than  2%, 

S,  Ei.ii  Jfeimamoto;  "Active  SH  Base  of  Serum  Protein  of  Patients  Injured  by 
the  Atomic  Bomb",  Okayama  Medical  College, 

Nineteen  convalescents  at  Okayama  Military  Hospital  were  tested  on 
2  November  1945.  In  all  of  these  the  active  SH  base  appeared  to  be  reduced 
but  the  total  proteins  were  elevated.  This  suggested  to  the  writer  a  change 
in  the  quality  of  serum  protein, 

9.  Bunsaku  Arakatsu;  "Field  Observations  at  Hiroshima  on  the  Radio- 
Activity  Induced  by  the  Atomic  Bomb,"  Kyoto  icaperial  University, 

Geiger  counts  on  the  West  ftirade  Ground  (very  close  to  the  point  above 
which  the  bomb  exploded)  showed  70  to  80  counts  per  minute  but  on  the  East 
Drill  Field  (2,5  Km)  there  was  no  appreciable  increase  above  background. 

There  was  evidence  also  of  activity  in  the  Koi  district.  Materials  gathered 
near  the  center  showed *  high  irduced  activities,  particularly  the  horseshoe 
magnet  of  an  integrating  watt-hoxir  meter.  Evidence  indicated  that  neutrons 
of  a  wide  range  of  energies  had  bombarded  the  central  district, 

10,  Tsunesaburo  Asada;  'IReport  on  the  Atomic  Bomb  Thrown  on  Hiroshima". 
Osaka  Imperial  University, 

This  is  a  general  discussion  of  physical  observations  made  on 
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.10  ciid  1!1.  .L'o  '•y£‘Qt:<$i'xiiQ  tuG  uliUL'l  obGcr'/Cii/icji  concei'iiing  ‘'s^adov.' 

G^fcc'iiK;,  csriic-  ThO'-c  olco  j^cporos  oS  oo^:ints  mdc  the  Golgor-^uellcr 

cot-.i.a/  oVf  v?*,':!.oh  ahovj'ccl  ,iix>':i;.r.aL  Veluoa  at  the  Gcliiiiiu  Slisrino  and  near  the  Koi 
rfor;v,lci'i  lu  the  v/eate^a  d:h-jtirlct  of  Hii'oniiisa,  Those  findings  are  cesgsatiblc 
tjibh  those  cf  ethers* 

''itoseai*ci'.eo  on  the  Eadic-Activity  at 

HiroshisB”,  Oaaktk  lEscr:*.al  IJaivcrcity* 

Tliis  :!.c  a  dota31.scl  r;: .  :;zt  c£  the  gm^ral  observatione  pi*eGGiibed  by 
Dr,  Asada^  which  hac:  beca  ;.  r.de  on  3.0  end  11  Aii^ust,  The  ra(3i.o*«,ctivity  of 
coil  gataored  -3;;;  ee\'or&L  r:.;.ace!3  in  the  city5  xrap  found  gi’catecrt  near  the 
tiokolcu  onriiiG  Jiu  the  aser -ucc  of  th.o  West  Parade  Ground  and  the  I£oi  Bri.c;^o» 

A  map  of  tho  ■pl^coa  rhere  the  cpecisaeiio  vrsre  obtahicd  is  a2.so  'preceaKed, 

The  act^.iritaoe  sphere  i7e;:C‘  foimc*.  e2.ir^5rt3.j'‘,  iJ;!  at  all^^  ^S'cater  than  nojsaid# 

The  eca;;D  ef  a  riaa  v;ao  had  bcoa  2  luji  frcia  the  center  Y;cro  tected  and  foimd 
negative#  C-]ia,d.ccl  SGp«?r;,ticE  of  the  soil  obtained  at  the  Koi  Bridge  :7aa 
attcjiiivoed  and  tho  aot.ivity  was  found  to  bo  asccciuted  vrith  radionctivo 
atrcsrtiuiii  and  cthez’  split  wc'cdi^cts,  ■ 

iharic-n  or  ecsx:  other  v.f=;vs  earth  e3.eEiaKt  alee  ^33  fmiEd, 


30 


Fig.  1— (4H).  The  UJina -Hospital  (converted  Daiwa  Eayon  Mill)  at  Hiro¬ 
shima  (U30O  m.).  This  was  the  headquarters  of  the  Hiroshima  section  of 
the  Joint  Commission.  The  wards  and  living  quarters  are  arranged  in 
cantonment  fashion  behind  and  to  the  left  of  camouflaged  factory  buildings . 
(Photo  File  #HG  I3I;  (K).) 
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Fig.  1A--(4H).  Entrance  to  Ujlna  Hospital.  Sign  reads  "Hiroshima  Army 
Hospital,  Ujina  Branch."  (Photo  File  #HH  l68.) 


Fig.  IB — (^H).  A  group 'frcHa  the  laboratory  of  the  Joint  Commission  at 
the  Ujjina  Hospital,  Hiroshima.  Four  of  the  nurses  who  assisted  in 
preparation  of  the  glassware  are  shewn.  The  physicians  are,  from  left 
to  right.  Dr.  Khto,  Dr.  Eajitani  (at  rear).  Dr.  Wakao  (the  hematologist 
of  Tokyo  Imperial  University  Hospital,  Professor  Sassa's  Clinic),  Capt. 
J.  Philip  Loge,  Dr.  Tsutoda,  and  Dr.  Okoshi.  (Photo  File  ^HH.167j  (K) . ) 
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Fig.  2--(4H).  Clinic  in  session  at  a  temporary  ‘building  at  the  Hiroshima 
Central  Bailroad  Station.  Senior  students  eind  recent  medical  graduates 
€ire  interviewing  and  examining  the  survivors.  A  microscopic  examination 
is  being  performed.  Seated  at  rear  on  right  is  Dr.  Hatano,  the  physician 
in  charge  of  the  examiners,  emd  Major  M.  L.  Kramer  of  the  Joint  Commission. 
Dr.  Terry,  of  the  ITSSBS,  is  with  Major  Kramer.  (Photo  File  ifHH  258.) 
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Appendix  Fig.  1 — (4h),  Ono  Anny  Hospital,  Mariushi,  Ono  Village,  Sehitaigun 
HiroBHima  Prefecture .  Professor  Mashita  of  th.e  Kyoto  Imperial  University 
research  group  who  was  investigating  the  atomic  bomb  casualties  and  ten 
other  investigators  were  killed  by  landslide  and  flood  on  17  September, 

2210  hours.  Professor  Sugiyama,  the  pathologist,  also  was  lost.  (Photo 
File  #HH  229.) 


Section  4H 

MATERIALS  AI®  inSTHODS 
Propsared  by  George  V,  LoRoy,  Lt,  Col,,  l-KJ 
The  materials  which  forced  the  basis  of  this  report  can  be  divided  con¬ 
veniently  into  throe  categories:  (l)  case  records,  autopsy  tissues  and  pro¬ 
tocols,  £ind  reports  of  scientific  investigations  prepared  by  Japanese  rrorkers; 
(2)  clinical  data  collected  in  collaboration  vdth  Japanese  pl^sicians  and 
medical  students;  (3)  clinical  observations  and  laboratory  studies  carried 
out  in  Japan;  at  the  Ariy  Institute  of  Rathology,  and  at  the  Ifeval  Medical  Re- 
search  Institute  by  mejabers  of  the  Comndssion, 

The  Japanese  Records  -  The  Haval  Hospitals. 

The  majority  of  the  casmltics  v;ho  received  hospital  care  \/ere  taken  to 
Japanese  naval  hospitals  in  the  vicinity  of  Ife^aalci,  These  hospitals  were 
located  at  Chjura,  Ishahaye,  ICaxratana,  tiresbino,  and  the  quarantine  station  at 
Sasebo,  The  quality  of  medical  care  in  these  institutions  v/as  variable,  and 
only  in  the  first  two  v/ere  suitable  recoids  maintained.  As  might  be  e:cpected 
during  the  first  week  after  the  bombing,  all  the  records  v/ore  extremely  brief 
and  seldom  contained  more  than  a  short  description  of  the  vraunds.  However, 
after  the  appearance  among  the  casualties  of  the  syndrome  due  to  exposiare  to 
gamma  radiation,  the  quality  of  the'  records  Improved,  This  xjsls  true  in  par- 
ti<m3.ar  of  Qmura  Naval  Hospital,  These  military  hospital  rocords  are  the 
only  contemporary  source  of  data  on  the  relative  proportiojis  of  the  several 
types  of  injury.  It  is  not  proper,  hpvrever,  to  accept  their  figures  without 
qualification,  because  the  j^tients  who  -v'erc  adJaitted  neve  a  selected  group. 
The  selection  v?as  due  pria&il^  to  the  ^oi  that  virtualiy  dll  the  evacuation 
wea  by  rail  ftfon  the  Urakatai  station,  ,  Theirefore,  only  the  patients  who  could 
vralk  or  vrore  carried  to  this  station  v/ere  reported  in  the  casualty  list. 
Actually,  this  is  not  too  serious  an  objection  to  the  data,  since  the  Urakarai 
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station  vras  close  to  GZ.  OT  all.  these  hospitals,  tho  Ctaura  Haval  Hospital 


(figure  1,  2,  3),  The  patients  were  retained 


i^rovlded  the  'oest  j^ediesJ.  c^e, 

there  from  9  /lugust  until  Decenher,  when  their  condition  wairanted  It,  The 
fact  that  this  group  receixnsd  continuous  care  in  one  institution  snakes  its 
records  quite  valuable,  Uith  the  cessation  of  hostilities  and  the  occupation 
of  Japan,  the  other  Naval  Hospi-is.ls  discharged  their  civilian  oatients  as  rapid¬ 
ly  as  possible  and  frequently  long  before  the  patient  Trjas  fit  to  be  aoved.  At 
the  came  time,  the  morale  of  the  Japanese  Hhval  medical  officers  deteriorated 
so  that  after  a  few  .reeks  the  aire  of  the  patients  can  only  be  described  asi5^. 
functory.  The  coffiianding  officer  of  the  Omura  Nava.1  Hospital,  Surgeon  Rear 

a  remarlcable  man  who  .res  able  to  maintain  high 
te  of  these  conditions.  He  refused  to  dis- 
charge  the  rioti®  of  the  ateml<.  beabins  and  taenrred  coneiderable  offloia.! 
disploasru-G  by  'ds  liberal  attitudes  in  general. 
ghinkozen  Ifedical  Aid  Hospital. 


^dzali'al  YASUYAMl,  however,  t-ias 
standards  of  raodiical  care  in  spj 


In  the  City  of  Nagasalci,  aid  stations  vrere  established  in  many  of  the 
public  buildlnse  (See  table  3,  Ihse  19j  Section  3N).  These  :,ere  operated 
during  the  first  fei:  , reeks  after  tlie  ba-blng  volunteers. 

Ho  records  of  any  sort  appear  to  have  been  kept  by  the  first  aid  -corkers. 

Tho  Sblnkoson  I-Mlcsl  Aid  Hospital  vres  tho  onoepticn.  It  vres  a  nodem.  reln- 
ferood  concrete  Public  School  building  uhleh  v,ns  nodoratoly  daaaged  by  tho 
blast.  The  School  functioned,  as  a  hospital  and  a  dispensary  ftODi  9  August, 
when  the  first  victims  sought  rsfugs  there,  until  30  October,  ,,hen  the  ramln- 
ing  80  patients  were  evacuated  te  Qmura  Naval  Hosnital, 

!|ianged  frequently.  On  9  August,  members  of  the 


The  staff  of  the  hospital  c: 


ifedical  Aid  groups  in  the  city  began  treating  tho  casualties.  By  12  August, 
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tho  number  of  cases  xjas  so  large  that  Naval  Ifedical  dotachments  from  Sasebo 
and  JIariojima  took  sole  charge,  After  the  surrender  of  Japan,  these  vrere 
xjlthdraim  and  local  pliysxcians  whose  clinics  and  rjffices  had  been  destroyed 
(provided  the  medical  care  uiider  tho  supervision  of  a  Director  appointed  by 
the  inyor.  The  various  medical  aid  groups  from  out  of  tovm  helped  out,  as 
the  remnants  of  the  faculty  of  the  Nagasaki  Ifcdical  College.  After  1  Octo¬ 
ber,  American  Medical  Officers  of  the  Joint  Coaaiission  arrived  and  used  the 
hospital  as  a  base  of  operations  foj’  their  investigation.  In  the  middle  of 
October,  the  faculty  of  Jlagasakii  Medical  College  took  charge  of  the  place 
and  nrovided  an  administration,  in  addition  to  using  it  as  a  temporary  home 
for  the  College, 

An  estimate  of  the  number  of  patients  cared  for  during  its  entire  opera¬ 
tion  is: 


Outpatients,, . 9t000 

Hospitalized  patients,,,,  SOO 
Deaths,,. .  35O 


Hecords  vrere  not  kept  for  all  the  patients,  but  sxich  as  are  available  are 
valuable,  for  they  reicresent  a  true  cross-section  of  the  sort  of  casualty 
that  was  cared  for. 

Other  Hosnltals. 

CasTJalties  from  ITagasalci  sought  hospitalization  eventually  in  mai^  of  the 
medical  centers  of  Kyushii  and!  Honshu,  The  hospital  of 'the  Kyushu  Jmporial 
University  of  Fulcuola  cared  for.  the  largest  number:  of  those,  and  excellent 
medical  records  vrere  ;  kept,  ;Transcripts  of  the  ma  jority  of  these  clinical 
reports  and  autopsy  protocols-  wore.-given  to  the  Commission  by  members  of 
the  faculty.  A  small;  nmiber  of  patients  v;ere  hospitall  ized  in  Kumamoto,  Ube, 
Kyoto,  Osaka,  Olcayama,  and  To!cyo,  It  •<  as  possible  to  obtain  abstracts  of 
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tbsss  ciiiiiGGl  i’scoL’CiG  i  i.ii  rnatiy  ansiiSiicco .  zItLo  c2:liiicaL  ta'ba  v.’sc  G'’si!’.?.‘Lci.Giit>X3;' 
-dstailsd  to  por-ait  th®  cor'.plGtXoa  of  the  JiiV-rt  0cc-’e:lf;3‘iG'''t  o'-a"''’'-:  '''o'-'* 

each  cas©6  Tho  rscci'clG  of  about  600  patients  ^sre  obtaisied  in  this  m^o  la 
gonsral,  the  ci.ata  obtained  froa  medical  school  hospitals  is  complsts  .-rai  ,ip.ves 
tile  impression  of  having  been  recorded  secfratalyo 
The  Medical  Research  Gyoaos„ 

Teams  composed  of  physicians  and  medical  students  ?isnt  to  Kagasald.  at 
varictr.3  times  after  tlie;  bca&ingo  Snch  groups  n'cre  of  tno  distinctly  dif“ 
ferent  types.  One  tj^:3c  was  the  group  from  Kyushu  Imperial  Univci’sity^  who 
arrived  ill  the  city  29  August,  Their  prlmaa'p’  mi-ssicn  iias  to  study  the  degree  of 
residual  radioactivity  in  the  arsa^j  ss  moll  fis  the  characteristics  of  tha  effects 
of  gaiEua  rad.iation„  In  addition  to  tliis.  ti'iC3y  vjcrkefi  dilig-sr.tiy  with  the.  lo¬ 
cal  dcotors  providing  masical.  cars  in  the  dispensaries  and  in  psrticti^.ar  at  the 
Shinkoaen  HedioaJ.  hid  Eospitrl  and  thu  Cnuira  Hc.val  Hospital c.  The  j-erconriol 
changed  constantly  in  cccorclanco  nlth  a  rotation  policy,  so  that  'most  of  the 
younger  faculty  membars,  and  avniy  of  tho  senioi'  students  were  afforded  an  op¬ 
portunity  to  study  the  vie  013:3  of  the  atomic  bcibo  Prea  the  time  of  thoir  ar¬ 
rival  until  December,  there  were  aii^syo  at  least  oiz  ambers  of  the  fac;.ilty 
with  a  yarlablo  niurhar  of  stv.doiito  •sozin.ns  with  tho  casucltles,  Iho  members 
of  this  group  were  exceptio'n?ji.y  diligent^  and  their  rocorcs  are  some  of  the 
be’st  that  are  avalleblco  Tiisy  devised  and  usod  a  questioniairo  and  ihitiatod 
a  nuabsa*  of  studies  of  speoici  problems  which  vdll  be  refei’rcd  to  later. 

Til©  other  type  of  jusdic?!!  visiter  'nas  ropreseivfced  by  a  group  ftos  the 
Eumamoto  Medical  CcOLlsgo*  The.'so  nerkers  arrived  on  k-  Septca>ac?,  end  dG;part9d 
on  S  SepteabeTo  They  psrforrasd  apprcocisatsly  20  autopsies,  primarily  csi  pa-" 
tients  for  whoa  no  cLli'icai  data  was  available,  oi*  recorded ,  They  made  brief 
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clinical  notes  and  single  blood  ojcoioinations  on  approcdriately  200  patients, 
and  t-en  returned  td.th  their  materials  to  their  homes  to  TJrepare  a  report, 

A  number  of  such  groups  appeared.  In  general,  their  records  Xifere  of  little 
value.  The  pl^rsicians  vjere  more  concerned  ’lith  the  novelty  of  the  illness 
than  vrith  ;providing  continuing  care  to  the  victims. 

At  ono  time  or  another  a  small  nunlxjr  of  physicists,  engineers,  and  agri¬ 
culturists  cane  to  ifegasafci.  They  inx’-estigf.ted  various  situations  related 
to  their  specialties,  and  after  a  fev/  days,  they,  too,  returned  to  their  uni¬ 
versities  to  correlate  their  data  and  to  Tjrite  their  reports. 

Other  I<Iaterial. 

In  addition  to  the  clinical  recosrds,  it  xms  nossiW.e  to  obtain  from  the 
Japanese  doctors  a  considerable  amotmt  of  pathologic  mterial,  V/hcrevw 
possible,  wet  tissue,  gross  speciraons  and  autonsy  jarotocols  xjere  requested. 
Specimens  and  data  from  50  autopsies  ’.-jero  finally  obtained,  Approjchnately 
300  blood  films  and  sterna'-  marrenj  biopsy  preparations,  x/ith  pertinent  clin¬ 
ical  data,  ware  also  collected.  As  rapidly  as  the  medical  research  tetms 
finished  their  studies  and  prepared  their  reports,  copies  x/ere  submitted  to 
the  Joint  Com  dssion,  In  this  manner,  a  considerable  qxjantity  of  material 
is  a-vailable  for  stvidy  and  ai^ysis,  i&ich  of  this  xjork  x-ms  done  by  the  Japan¬ 
ese  in  the  first  month  and  a  half  after  the  boxabing,  that  is,  prior  to  the 
arrival  of  the  Joint  Commission,  It  is  invaluable,  for  there  are  no  other 
records  or  pathological  speciiueas  from  that  period, 

Comiaent. 

It  is  difficxilt  to  generalize  on  the  qxxality  of  the  scientific  aixd  clin- 
icaD.  reports.  It  is  probably  reasonable  not  to  mal'e  the  attempt.  A  restune 
of  the  reports  inclx:!ded  at  the  end  of  this  section  and  all  the  titles,  are 
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listed  in  Appexidix  4  N  »  l^jroiighout  all  of  the  esjfly  Japanesor  medical 
studies  there  was  one  cei?ffiion  trend.  The  point  of  vies  of  the  worker s  was  < 
"research”  into  ttie  nature  of  "the  atoia  bomb  disease".  There  .appear^  to  be 
less  interest  in  treatment^  and  it  is  sus^prising  when  the  records  are  reviewed 


to  observe  the  scarcity  of  experiownts  la  therapeutics.  In  ell  except  a  few 
of  the  large  hosidtals  where  the  victims  of  the  bombings  were  cared  for,  a 
similar  attitude  prevailed.  It  was  difficult  to  determine  the  reason  for  this 
lacic  of  interest  in  therapy.  There  was  no  evidence  that  any  novel  type  of 
treatment  was  adopted,  or  that  major  changes  in  established  routines  were  made. 
The  conventianal  remedies  were  administsrdd  in  the  customary  amounts,  and  the 
failure  of  the  patients  to  respond  appeared  to  have  little  influxes  on  the 
curiosity  of  the  atteisiing  physicians , 


COUABORATIOM  OF  AKERICAR  Afg)  JAPANESE 


m  the  coUectien  of  material  in  Nagasaki,  two  types  of  collaboration  were 

i 

taken  advantage  of  .  One  was  planned  in  advance  and  is  represented  by  the  ac;* 
tivities  of  the  medical  gro^  frosi  the  Tokyo  Zn^perial  University;  the  other  was 
accidental  and  is  represented  by  the  activity  of  workers  from  Idje  Kyushu  Ibh 
perial  Utaiverslty  and  the  Nagasaki  Uedical  O^ege,  The  meiobers  of  the  Faculty 
of  Uedielne  of  the  Tokyo  Imperial  University  (see  Introdaction)  were  rerandted 
by  Professor  Uasao  A,  TSIQIDEI  and  were  stibsidlsed  by  the  Japanese  equivalent 
of  the  National  Research  Couneilo  Their  association  with  American  military 
persfumfll  wae  legitimized  by  a  General  Order,  This  ox^er  deslghated  a  Joint 
Conmlssicia  iMoh  was  eoa^xeed  of  representatives  from  the  Office  of  The  Chief 
Surgsdn,  (KQ,  AFPAC«  members  of  a  party  from  the  Uanhatten  District,  Ca^  of 
Engineers,  and  the  Japanese  pi^sieianse  The  latter  were  attached  to  the  Goo- 
oission  for  the  specific  purpose  of  assisting  in  the  coUeption  of  clinical 
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data  by  th®  questionnaire  methods,  In  addition  tc  this,  each  Japanese  asso¬ 
ciate  ^as  encouraged  to  pursue  research  iii  his  si^ci^  fic^d  of  interest,  under 
the  direction  of  the  Aoarican  physician8«  The  arrangeinent  ^as  successihl  and 
it  vould  have  been  i2spossi.ble  to  obtain  the  same  amount  of  material  vjithout 
the  active  assistance  of  these  physicians, 

A  second  group  of  Japanese  under  the  direction  of  Dr.  Motosabura 
MASUfAMA,  a  statistician  from  the  Td^o  la^srisl  University,  actively  assist¬ 
ed  Captain  Marvin  B.  Hsbel,  FA,  in  collecting  and  analyzing  the  data  <«i  pop¬ 
ulation  and  casualties  vMdi  formsd  the  basis  of  Sectiem  10  N  of  this  reporto 

When  the  Joint  Gasmission  arrived  in  l^agasaki  30  S^teoiber,  they  enccrun- 
tered  two  groups  of  Japanese  uho  were  working  with  the  casualties.  Okie  was  a 
party  from  the  Kyushu  Imperial  University,  most  of  'sdicm  were  msmbers  the 
Sawada  Clinic  of  the  Faculty  of  Medicine,  liiese  men  were  imder  tiie  ismediate 
supervision  of  Professor  SAWADA*8  associate  Dr.  K.  KAIDA.  %e  other  ffroap 
was  the  faculty  and  the  student  body  of  the  Nagasaki  Medical  College  under  the 
leadership  of  Acting  Dean  K.  KCflAMO.  Wherever  possllAe,  the  activities  of 
these  groups  were  coordinated  with  those  of  the  JdLnt  CooBiissioa  to  provide 
additional  perscumel  for  the  task.  Most  of  the  f acol^  osshers  of  each  group 
spoke  Encash  and  the  majority  of  the  students  had  at  least  a  satisfactory  read¬ 
ing  knowledge  of  it.  In  addition  to  all  these  persoonel,  a  noadber  of  interpre¬ 
ters,  Red  Cross  nurses,  and  other  assistants  were  provldsd  ftou.  time  to  tine 
by  the  prcfeetural  and  municipal  authorities .  These  workers  lAio  were  fortuit— 
01183^  affiliated  with  the  Joint  Gosmission  were  eoctrenely  helpful  beeahse  of 
their  intimate  knowledge  of  local  eoxsiiticsis  and  eostons,  end  because  of  their 
familiarity  with  the  medical  effects  of  the  atonic  boob. 

Type  of  Material  Studied. 

The  joint  studies  which  were  coiducted  in  Nagasaki  can  be  dlilded  into 
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four  groiQ!3t  (a)  Cli£ji.c^  observations  oa  patients  in  hosnitals  aad  die— 
pensariea;  (b;  laboratory  studies  on  the  sam  type  of  patients;  (c) 
Questionnaire  studies  of  suz'vivprs;  (d)  Special  investigations » 

a.  The  clinical  ciaterial  ^hlch  tsas  available  consisted  of  patisits  in 
the  Qamra  Naval  Hospital  and  in  the  Shiiikozsai  Medical  Aid  Hospitalo  During 
liie  period  of  observation j,  about  350  patients  vrere  obser'/ed  in  each  insti- 
tutidn«  Because  of  the  prindtive  facilities  at  Shinkozeaj,  the  turnover  of 
.patients  neB  rapid  and  the  opportunity  for  detailed  study  was  liraited,  Poj 
this  reason  the  norkup  of  these  patients,  consisted  usually  of  the  coxcletlon 
of  a  questionnaire,  a  brief  j^sical  enaMnatiop,  and  oi^  or  two  routine 
blood  examinations  o  is  the  Ciaura  Naval  Hospital,  conditions  were  more  satie- 
f actoxy  and  patients  u'sre  willing  to  remain  under  observation  and  care  fox* 
prolonged  periods «  The  case  studies  in  this  hospital  were  accordingly  moro 
eceqplete  and  the  general  contemplated  frequent  examinations  throughout 
the  entire  time  that  ttio  Commission  ms  an  hand»  The  woiiaip  there*  consisted 
of  the  ebagdetion  of  a  questionnaire,  a  fairly  detailed  liistory  and  j^hysical 
eocamination,  frequmt  progress  notes,  and  Igsboratory  exaiainations  repeated 
at  intervals  of  approximately  one  week,  during  the  pati^t’s  stay  in  the 
%  hospitals 

4 

The  Shinkoaen  Medical  Aid  Hospital  continued  to  function  as  a  dispensary 
to  which  casualties  cacie  to  have  their  wounds  dressed,  and  for  such  medical 
care  as  they  requiredo  The  outpatient  sei'vice  was  operated  by  the  faculty 
and  students  of  the  Nagasaki  Medical  College,*  This  dispensary  provided  a 
source  of  material  for  the  Joint  Commission «  A  queetiennaire  was  coiraleted 
for  each  patimat  applying  for  care,  as  well  as  any  mesibers  of  his  family  or 
friends  xdio  aceoi!iQ)anied  tlismo  A  sdniaal  physical  examination  was  conducted 
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and  laboratoiy  studies  v^ei'e  perforaed  on  a  sel^tad  portion. 

The  majority  of  the  casualties  t?hose  'srounds  ®ere  minoi'  had  recovered 
by  the  time  the  Conaaiasion  arrived.  It  was  necessary^  therefore,  to  go 
throng  the  city  seeking  out  as  many  of  these  people  ££  possible,  l!he  qpes* 
tionnaire  was  cosseted  cn  each,  and  wherever  possible,  tininjured  survivora 
idio  had  been  in  the  same  general  vicinity  were  also  interrogated,  and  qjue^ 
tiosmaires  w^e  filled  out  for  them.  This  typo  of  stxtdy  was  carried  out  in 
detail  for  groai»  of  subjects  who  had  been  in  the  same  building  at  the  tiro 
of  the  bcmiblng.  The  Job  of  locating  these  subjects  was  done  primariljr  ^  the 
Nagasaki  medical  students  pnder  the  direction  of  the  physicians  of  the  Tokyo 
Zfiperial  University,  In  the  coinrse  of  the  seven  weeks  that  the  Joint  eo«»> 
mission  spent  in  Nagasaki,  questionnaires  were  coit^ileted  on  apjwoximatady 
6,600  individuals. 

The  eoUabcxration  of  the  Japanese  members  of  all  the  grou]ffi  wro  tndii^ 
peosablo  in  this  ta^.  The  general  quality^  of  theiir  work  was  satisfactory^ 
aod  a  survey  of  1200  sanile  questionnaires  by  one  of  the  Amerioan  rodioal  cS- 
fioers  (Uajor  Herman  Tamower,  N,C,)  and  a  reliable  interpreter  revealed  that 
fewer  than  ten  percent  of  the  records  wero  so  erroneous  as  to  be  worthless. 
The  Japanese  physicians  In  charge  of  the  work  became  qjuite  eathusiaetic,  and 
the  original  forma  written  in  Japanese  have  been  retained  by  theor  for  inde- 
pandent  analysis,  Throughont  this  phase  of  the  study,  <^08e  association  was 
maintained  betwemn  the  American  and  Japanese  workers,  Freqaent  oonferenees 
were  held  with  respect  to  the  progress  of  the  work;  and  in  many  informal 
meetings  all  phases  of  the  study  were  reviewed  and  d^cussed,  la  general, 
the  medical  offieera  acquired  a  considerable  degree  of  confidence  in  the 
veracity  and  ability  of  the  Japanese  physicians  and  medical  students  ^o 
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afssistod  them, 

OBsmTioias  of  ahsricak  pocTais 

The  oataplals  contributed  to  this  study  by  the  Aoarican  meabars  of  the 
Joint  CoEsaission  can  be  classed  in  three  groups:  Clinical,  laboratory  and 
analytic.  Because  of  the  large  scale  of  the  investigation,  the  small  size 
of  the  staff,  the  paucity  of  scientific  equipment  and  the  difficulties  in¬ 
herent  in  a  situation  i;hore  the  subjects  of  investi^.tion  speak  another  laiv 
guago  and  arc  the  vanquish^^,  no  one  \sqjs  able  to  sttttJy  ai^  subject  so  thor- 
ota^ily  as  he  had  hoped.  The  necessity  of  supeanrising  tlie  Japanese  xwrlc,  and 
checking  many  of  their  observations  consumed  much  time.  The  difficulty  of 
obtaining  a  procise  cl  inical  history  frcMH  a  Jajxiaese  patient  through  "too 
medium  of  an  interpreter,  can  only  be  appreciated  by  one  who  has  tri«i  it. 

In  addition  to  those  buidicaps,  there  xra,s  no  provision  in  tho  plan  of  the 
Commission  for  administrative  officers,  so  that  many  of  the  details  of  pro- 
curomont  of  supplies,  houselcoeping,  transpoirtation  and  coaiauaication,  had  to 
be  executed  hy  the  doctors,  in  addition  to  thoir  other  duties.  In  spite  of 
this,  they  accomplished  the  foUoTdng  in  Japan: 

a.  The  majority  of  the  pliysical  examinations  of  hospitalized  patients. 

b.  The  majority  of  o]^thaliaoscopic  examinations  of  all  patients, 

c.  Supervision  of  the  enlisted  men  and  the  Japanese . students  and 

”  nurses  in  the  conduct  of  the  labcratosry,, 

d .  Approodmately  one-fourth  of  all  the  vrhitc  blood  cell  differential 

”  counts, 

e.  All  the  exasumtions  of  marren:  obtained  by  sternal  biopsy. 

f.  The  22  postmortem  exaiTiinations. 

Checking  the  details  of  location,  etd,,  on  the  majority  of  tho  - 
questionnaires. 


hi 
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ho.  All  tho  issasurements  of  residual  i'adiactivity,  aiicl  the  collsctloa  of 
pertin^i  samples « 

io  The  investigation^  throu^  interpi'eters,  of  the  records 
of  populatitm  and  castialtieso 

After  the  isaterials  referred  to  t?era  collected  in  Japan,  soeo  of  the  mesbors 
of  the  CciEBiission  returned  to  the  United  States  a  All  the  clinical  records,^ 
queationnaires,  specimens,  and  data  ware  sent  to  the  Arioy  Institute  of  Path®' 
olog7,  and  to  the  Naval  Medical  Research  Institute,  In  those  institutions  a  de>° 
tailed  review  of  all  the  material,  and  an  analysis  of  the  data  was  conducteda 
The  Quests 

The  nature  of  the  questionnaire,  and  the  particular  featxxres  peculiar  to 
its  use  in  Nagasaki  is  discussed  in  detail  in  Section  9,  « 

The  Casualty  Study. 

The  type  of  investigation  conducted  by  Capt  .  Marvin  S.  HABEL,  FA,  is  dia-> 
eussed  in  detail  5n  Section  10  H  and  10  N. 

The  Statistical  Study 

The  statistical  code  used  in  the  transfer  of  data  frooi  the  questionnaires 
to  the  IB9I  cards  was  substantially  the  same  for  each  city,  A  detailed  di&o 
cussioD  of  this  st^ject  will  bo  found  in  Section  9,  of  the  Report,  To  simjfLlfy 
the  process  of.  azuQysls,  the  location,  of  eubjeeta  in  Nagasaki,  idiieh  had  been 
recorded  in  a  system  of  rectangular  coordinates,  was  coded  in  terns  of  polar s 
coordinates.  The  dimsisims  of  the  polar  coordinates  were  the  same  for  each- 
city  so  that  eooqsarisons  could  be  made  easily o 
^e  Laboratory  Studies, 

Clinical  laboratozy  facilities  \7ere  not  very  adequate.  The  military 
situation  was  such  that  the  msdical  supply  depots  had  little  equipment  to 
spars.  To  perform  the  tests  described  below,  it  vas  necessary  to  obtain 
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material  in  small  amounts  from  a  miaber  of  sources  as  the  Qkinavja  Base  Com¬ 
mand,  and  tho  T<&yo  Imperial  University,  The  Coiiraanding  Officer  of  the  Qmura 
Naval  Hospital  assigned  a  fine  group  of  laboratory  roOTJs  (figure  4)  to  the 
Joint  Cojmaission,  There- irexs  running  v;ater,  ovens,  balances,  some  cheitLcals 
and  electrical  outlets,  but  little  else,  Tho  other  field  laboratory  at  the 
Shihlcozen  Medical  Aid  Hospital  (figure  5)  vas  destitute  of  everything  but 
electricity.  The  I'fedical  section  of  the  ifeval  Technical  Mission  to  Japan  and 
the  U,S,S,  Vfichita  provided  microscopes  aid  additional  laboratory  apparatus, 
With  these  modest  facilities  it  vras  not  possible  to  perform  many  types  of 
eacaminations.  In  addition  to  tliis,  personnel  tiiere  few,  and  the  scope  of  tho 
investigation  was  such  that  there  was  little  tine  for  more  esrtensive  studies, 
Tho  types  of  laboratory  examinations, which  v/ere  made  in  each  of  tho  field 
laboratories,  and  the  appreadumto  numbers  of  such  tests  are  presented  in 
table  1,  The  tabulation  includes  the  vrork  done  by  American  and  Japanese  doc¬ 
tors. 


TABLE  1 

ftaura  Sliinkozen 


Tyne  of  Eisaroination 

Naval  Hospital 

Hospital 

Total 

1.  Autopsy 

16 

6 

22 

2,  Routine  Blood  Counts  on 

Patients 

HOC 

900 

2000 

3,  Routine  Blood  Counts  on 
"Noriiisl  controls” 

100 

50 

150 

4.  Reticulocyte  Counts 

160 

90 

250 

5 ,  Price- Jones  Curves 

- 

60 

60 

6.  Blood  Platelet  Counts 

60 

40 

100 

7,  Deteriaination  of  Bleeding  and 
Clotting  time 

30 

20 

50 

12  (4  N) 


Table  1-contimed: 

Qoura  Shinkozon 


True  of  iSxamination 

iJaval  Hospital 

Hospital 

Total 

8,  Prothrombin  Time  (llouell’s 

Ibthod) 

30 

- 

30 

9,  Biopsy  of  Sternal  Iferroi/ 

74 

54 

128 

Urinalysis 

10,  Urobilinogen  Test 

230 

- 

230 

11,  Albumin 

230 

- 

230 

12,  ihcroscopic 

40 

- 

40 

Gastro-intestinal  Examination 

13,  Histamino  Tost  for  secretion 
of  freo  HCl 

45 

- 

45 

14.  Gastroecopic  e:srainations 

20 

~ 

20 

15,  Barim  meal 

11 

- 

11 

16,  Estlmtion  of  iJhole  Blood 
clilorides  -  Patients 

174 

- 

174 

17,  -  Controls 

11 

- 

11 

Talcata-Ara  Reaction 

IS,  349  ^tients 

59S 

- 

598 

19.  62  Controls 

62 

62 

A  description  of  the  methcte  usod  on  each  type  of  determination  folloira: 

1.  The  autopsy  ms  performed  as  quickly  as  jwssible  after  death.  Dtiring 
the  period  of  the  study  the  members  of  the  Joint  Coriiaission  failed  to  perfoira 
autopsies  on  only  tuo  of  the  patients  who  died.  It  is  interesting  to  remark 
that  verbal  permission  ms  obtained  from  the  family  of  the  deceased  in  every 
case  and  that  only  cniceptionally  ms  it  granted  \rith  hesitation.  The  esant- 
ination  uas  complete  in  every  respect.  The  results  have  been  irecorded  in 
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protocols  which  conl'om  to  the  sttnidai’ds  of  the  U,  So  Arisy  Medical  Depart^ 
msnto  (Esfersnco:  "Form  for  Artopsj'  Frotocoi"  distributed  by  Array  Institute 
of .Pathology,  undatsdo)  ' 

2.>  The  majoritj’-  of  the  routine  blood  axacdnations  were  performed  on 
'oxalatad  bloodo  The  values  for  hsmoglobiri-hematocrit  and  plasma  protein 
content  were  obtained  by  the  Copper  Sulphate  Method,  (References 
Phillips,  R,  A»,  and  others;  iiulletir.  U,  S«  Art.iy  Medical  Depu^  121  pp> 
66»83,  Dec,,  1943*)  The  stock  solutions  of  Cvx  £C4  were  made  from  Japanese 
reagents,  end  a  sample  of  each  vvas  sent  to  the  16th  Medical  General  Labora¬ 
tory  for  verification  of  the  specific  gra'uity.  The  results  of  this  examina¬ 
tion  were  as  f olH-ovis : 


* 

Theoretical 

Actual  (i 

a  - 

lacx) 

ia043 

b  - 

I.ICO 

lolOU 

C  -(■ 

i.ioo 

1,1028 

‘d  -  ■  ' 

IclOO 

1,1012 

a  - 

1,065 

1.0653 

Approximately  85/3  of  the  determinations  ware  made  with  stocks  d  and  e. 

In  calculating  tiie  plasma  protein  concentration  from  the  nomogram,  a  cor¬ 
rection  of  plus  0,64  Giu  was  applied,^*-  When  venous  blood  v;a6  not  obtainable, 
capillary  blood  vjas  used,  U«  S,  Navy-grade  red  counting  pipettes  were  used. 
The  hemof^obin  concentration  ;ms  determined  either  in  the  Hayden-IIauser  ap¬ 
paratus  or  in  the  Japanese  Sahli  Kemoglobinomoter.  Each  of  wheso  instruments 
is  calibrated  so  that  14 » 5  Gm  of  the  hemo^^obin  equals  lOOji,  Leukocyte 

*This  correction  factor  was  established  at  the  18th  Medical  teieral 
Laboratory,  The  reference  is  a  Circular,  Letter,  not  available  at  this  time. 
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cbunts  were  done  iii  the  ususi  m?jmer»  For  all  ceiQ  coi^ts  .^srictUi  hemocyti- 
ometers  were  useda  Eone  of  this  equipaient  was  certifit^  by  the  Bureau  of  ' 
Standards,  but  it  vias  all  of  exeellsit  qualityo 

Blood  filffis  for  differential  coimts  were,  made  from  freshly  drawn  (never 
oxalated)  blood,  either,  on  slides  or  cover  slips »  Wi*i^t*s  stain  vfas  vised 
routinelyo ■ 

3o  Reticulocytes  were  counted. in  blood  films  on  slides  prepared, with  Sn 
alcoholic  solution  of  Brilliant  .  Cresyl  Blue,  snd  stained  with  ^right’s  stain. 

k,.  Price-JOnes*  cur'/es  were  estimated  for  erythrocytes  on  coyer  slip’ 
preparations.  'Dae  measurements  and  calculations  viere  all  made  by  Major 
Samuel  BERG,  ESC,  working  at  the  Arn^’’  Institute  of  Pathology,  The  statistical 
treatment  o£  this  data  viaQ  carried  out  by  !ir,  iU  Geisler,  a  mecber  of  the 
staff  of  the’ Army  Institute-  of.  Pathology. 

5, ”  Blood  platsdets  were  comted  by  ’Fonio's  me.tho.dv. 

6,  -  Bleeding  tjjsie  was  estimated  by  Duke’s  meth.odo|  Clotting ' time  vias 
estimated  by  the ,  capillary  ’tube  method.  • 

7,  Prothrombin  time  .was  determined  by  Ho?;ell’ 3  method  and  was  really  . 
the  clotting  time  of  recalcified  plasmso 

.  Biopsy  of ’sternal  marrow  was  performed  by.  inewting. a  .large  gauge 
needle  directly  into  the  manubrium  sterni,  after  producing  local  anesthesia.  , 
vjith  prbcaine  in  1$  solution!,  A  number  of  types  of  needle  viora  used:  .  but 
the  most  suitable  was  the  one  issued  by  the  U,  S.  Army  Air  Force  for  the  ifi- 
fligjht ' administration  of  plasma  intrasternslly  to  injured  crewmen.  .The 
amount  of  rwrrovj  that. was  aspirated  was- small,  usually  less  than  Oo5.  cc» 
Counts  of  nucleated  cells  were  not  made  routinely.  The  smears  viere  stained 
wltVi  VI.  Ight’a  or  May  Grunwald  stain,  aiid  c’ounterstained  with  Giemsa.  The 
number  of  colls,  counted  in  the  differsntiai  count  varied  from  200-5^i  ..  The 
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nomenclature  of  the  laarros?  cells4ia8  been  discussed  in  Section  7o 

,9o  UrobiJ  inogsn  excretion  in  the  uriaie.  ?;ao  eoti£Qa.t,Qd  rather  crudely .  * 
The  Ehrlich’s  diazo  reacticm  vjas . performed  (Qualitatively,  and  the  color,  if 
any,  which  developed  was  compared  vdth  a  stales  of  samples.  These  v^ied 
from  the  fsdntest  pink,  to  deep  pink,  and  yiere  labelled  arbitrarily  one  plus 
to  three  plits* 

lOo  Albumin  excretion  in  the  urine  was  determined  by  the  sulphosali— 
cylic  acid  method.  The  Japanese  standards  that  were  used  were  of  egg  al¬ 
bumin,  and  were  graded  one  plus  (approximately  0»lfJ),  to  four  plus  (approx¬ 
imately  1,5^)*  If  albuminuria  of  any  grade  ivas  detected,  the  urine  sediment 
was  examined  microscopically , 

11.  The  histamine  test  was  performsd  on  fasting  subjects.  After  aspir¬ 
ation  of  the  residual  gastric  contents,  0.5  rag.  of  histamine  acid  jfixosphate 
was  injected  subcutaneously.  The  gastric  secretions  again  aspirated  30 
and  minutes  later.  The  material  was  titrated  v;ith  N/lO  OH,  using 

II 

Topfer’s  reagent  for  the  indicator. 

12.  Gastroscopic  examinatioiis  were  porfoi-iaad  by  Dr,  K.  KISKBJOTO  of  the 
Tolqro  Xoqperial  University.  A  Schindler  gastroscope  was  ussd,  and  the  pro- 
ced.m'3,  and  the  terminology  used  to  describe  the  findings  were  those  of  Prof. 
Schindler, 

^3o  Fluorscopac  examinations  alter  ingestion  of  a  barium  meal  were  also 
performed  by  Dr.  KISHBIOTO  in  a  conventional  manner. 

14o  Vftiole  blood  chlorides  were  estimated  by  the  micro  method  of  Koranyi 
and  Rusznyak,  (References:  Biochem.  Ztschr.  60;  114;  23;  1921.) 

The  normal  value  for  this  method  in  control  subjects  was:  45O  -  5OO  xng  ^ 

The  Takata— Ara  reaction  was  performed  in  the  manner  originally  described, 
except  that  fuchsin  was  not  used.  The  results  v/ere  expressed  as  positive 
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(i!»re  that  2  of  7  dilutions  showed  precipitate );  or  nagativQ„  Used  in  this 
w&y,  the  test  is  ’very  popid.ar  witli  Japanese  doctors,  and  is  used  in  nerd’ly 
every  clinic,  (Reference:  Talcata-Ai’a  testj  Teckiique  was  the  sans  as  that 
cited  in  Tradwohl,  R.  B.  H.,  Clinical  Laboratoi’y  Methods  &  Diagnosis", 

St.  Louis,  liosby,  1943>  P  239*) 


V  Appendix  1  (4H) 

RESUME  OF  STUDIES  BY  JAPANESE  DOCTCSIS  IN  IIAG&SAKI 
Japanese  Repcarts  Edited  by  Vome  R,  Ifeson,  Col.,  IC 
The  reference  numbers  for  each  pai^er  are  in  parentheses,  aiKi  coincide 
vrith  refca'ences  in  the  t<^  of  the  Report, 

The  reports  to  be  discussed  in  this  section  vrere  all  Tn’eparod  by  Japanese 
doctors  v7ho  had  either  participated  in  the  care  of  tlie  casualties  caused  by 
the  borabing  of  NagasaldLf.  or  had  been  members  of  medical  research  teams  that 
conducted  special  investigations,  !hiese  studies  provide  the  only  informatiMX 
that  is  available  on  the  medical  condition  of  patients  between  the  time  of 
the  bombing  and  the  arrival  of  tlie  American  medical  officers.  The  special 
studies  conducted  by  the  Japanese  members  of  the  Joint  Coraniission  vrere  coo- 
plemontary  to  the  broader  study  of  the  American  members.  The  matorial  con¬ 
tained  in  these  papers  has  been  used  fireely  in  the  ^reparation  of  the  Report 
and  it  is  right  tliat  the  authors  should  receive  proper  adcnoi/lcdgement  for 
their  work. 

The  section  is  divided  into  two  parts:  (A)  Reports  of  vjork  done  inde¬ 
pendently  by  the  Japanese,  14ost  of  these  stiidies  i^ore  made  between  28 
August,  when  the  first  groups  from  the  ^ushu  Imperial  University  arrived  in 
the  city,  and  30  Septesibcr  when  the  Joint  Commission  appeared,  (B)  Reports 
of  vrork  dons  by  Japanese  under  the  direction  of,  or  in  association  idth,  the 
American  members  of  the  Joiint  Comraission, 

The  reports  have  booh  classified  irto  four  categories  on  the  basis  of 
their  contents;  General  Clinical,  Special  Clinical,  Physical,  Miscellaneous, 
Since  mary  of  them  deal  with  circtaastances  in  the  first  4  to  6  i/eeks  after  the 
bombing,  they  are  valuable  sources  of  information.  The  fact  that  the  studies 
were  made  at  that  tine  malies  it  difficult  to  review  the  irark  criticaJ.ly, 
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vscauoo  acc'-^ore  ivero  iiG'b  present  during  most  of  this  period,'  It- 

nas  seen  poasibis,  hcvve’-rer^  to  voi’ify  soaie  of  the  observations ,  ‘Ihe  USS 
.•iA-d:'!,  (nospitai  shj.p;  bss  in  Hegasoki  Hejrbor  during  Septeaibsr  1945 ^ 

einbarlang  recox'-ored  rilibexy  personnel.  Her  V^ar  Diary  (AG  CombcC^-  Analysis 
sectii-on  fiJ.e  19/:22,^  6-12.009/45)  contained  nctss  cn  the  condition  of  the 
cs.sual'ci.es  vihich  iii's  hi  Gub3tai7.tj.al  agres-sent  vJitli  jiiany  of  the  contea'coras^ 
reports,  m  the  portion  of  this  section.,  devoted  to  rev:LevJing  tlie  studies, 
the  conclusions  that  are  presented  arc  mainly  those  t>2at  di.ffsr  niaterially 
from  -the  onos  submitted  in  the  iaajri  body  of  the  Report,  The  basis  of  such 
orit''.cisjii  as  is  offered  has  been  broad.  It  depends  to  a  large  degree  on 
the  reviewer *3  personal  loxoivlsdgo  of  the  intellectual  qualities  and  the 
caf)abx.libies  of  the  JfipsnesQ  doctors  concerned;  and  to  an  equal  extent  on 
tho  reaconabljiesa  of  the  v^orlc  as  .judged  from  5jit®rnal  evidence.  The  reports 
cited  are  filed  in  the  Aray  Institute  of  Pathology^  under  the  general  acces¬ 
sion  iTuM>erj  I5S93O. 

(a)  Reports  of  work  done  independently  by .  Japanese  dccuors.' 

GSI-IERAL  CLIMigAL  STUDIES 

(1)  "The  clinical  investigation  of  the  atcadc  bomb  di.sQase»5  by  the 
ineulsers  of  the  III  Medi.cal  Clinic  (IW ,  T.  SAW/iDA,  Cliief )  Kyushu  Imperial 
University o 

This  is  a  well  written  study  of  approximately  5OO  cases  seen  id 
Nagass-icL  and  at  the  clinic  in  Fuicuoka,  Most  patients  were  observed  during 
thco  period  31  August  to  31  October,  end  trie  major  investigativ -1  effort  was 
devoted  to  those  with  the  severe  type  of  I’adiation  injury,  v^hose  symptoms 
developed  between  the  1st  and  Ath  week  after  the  bombing.  On  an  empirical 
basis  the  following  prognostic  guides  were  offered, 

a)  The  more  sev'ere  the  ’’maiii  syasstOiTis’*  (i.o,  fever,  epilationj 
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gingivopharyngitis,  pturpura  and  leukopenia)  the  i/orse  the  prognosis, 

a)  In  the  absence  of  fever  and  gingivopharyngitis  the  pirogno-. 
sis  is  good  v/hether  epilation  occtzrs  or  not, 

c)  The  prognosis  .is  poor  in  patients  vrhose  sternal  inarroir  is 
of  the  ••retievOar”  variety. 

The  only  definite  abnormalities  of  bodily  function  that  this  group 
could  ascei’tain  ijore  the  disturbance  of  hematopoiesis  generally,  and  some  in¬ 
definite  hepatic  dysfunction.  In  the  group  of  40  patients  v/ith  "severe"  ra¬ 
diation  injury  thfit  r;erc  treated  in  the  clinic,  the  mortality  xms  lOJa,  I.Tiole 
blood  and  crude  liver  extract  were  reccamonded  as  the  most  effective  thei’a- 
peutic  agents, 

(2)  "Researches  on  patients  injured  by  tlie  atomic  bomb",  by  members  of 
the  II  iiedical  Clinic,  (Prof,  G.  ICUSUUOICI,  Chief)  Kyushu  Imperial  University. 

This  report  is  based  on  a  study  of  155  patients  (142  from  Hagasaki) 
in  a  majority  of  vjhon  the  only  injuay  vjas  due  to  gamma  radiation.  The  pre¬ 
sentation  of  the  data  is  so  devious  that  it  is  difficult  to  doterroine  the 
outcome  of  the  individual  patient.  Of  the  group  of  10  hospitalized  cases  v;ho 
presented  Iie^-iatologic  evidence  of  severe  radiation  Injury,  3  died,  American 
doctors  gave  this  group  some  penicillin  ai»i  2  febrile  patients  v/ere  treated 
T/ith  good  results  apparently.  There  are  no  protocols  for  these  patients  and 
no  notation  of  the  size  of  the  dose,  or  duration  of  administration, 

(3)  "ClinicidL  obsearvations  of  atomic  bomb  disease"  by  meiabers  of  the 
I  Ifedical  Clinic  (Prof.  T.  IHSAO,  Chief)  Kyushu  Imperial  University, 

The  major  portion  of  this  report  is  a  careful  and  compJ.ete  study  of 
23  irtients  treated  in  the  hospital,  Hinctoen  of  these  more  seriously  ill, 
and  of  this  number  4  died.  From  their  study  of  those  patients  and  115  other 
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Iocs  severely  affected  ones,  the  authors  drew  sovoral  interesting  conclu¬ 
sions,  One  v/as  that  persons  who  remained  in  the  region  of  the  center  of  tho 
bomb  e:(5)losion  developed  a  more  serious  typo  of  radiation  iajvry  tlmn  vjas  ob- 
seirv(^  in  othOTS  v;ho  left  the  scene  at  once.  They  woto  unable  to  decide 
vrhether  this  effect,  the  data  for  which  were  not  given,  vjas  due  to  "the 
after-influence  of  radioactive  substances  scattered  on  the  ground",  or  to 
the  poor  hygionic  conditions  ^  and  overtrorl:  resulting  ftrora  participation  in 
rescue  activities.  Another  conclttaion  of  some  interest  was  tliat  the  "im¬ 
mediate  reactions  of  fatigue,  anorexia,  diarrhea,  nausea  and  votniting"  were 
due  to  ovem/ork  and  living  under  the  uniQrgienic  conditions  resulting  from  the 
bombing.  Still  another  conclusion  whiich  was  offered  xjas  that  the  thrombocsrt- 
openia  alone,  v/as  not  a  sufficient  explanation  for  the  henonrliagic  teisiGncy 
t^rhich  appeared  In  the  patients  i/ith  evidence  of  severe  radiation  injury,  IRie 
witers  believed  that  their  stvidies  indicated  that  in  addition  to  the  de¬ 
ficiency  of  blood  platelets,  direct  injury  to  the  capillaries,  changes  in  the 
chemical  constitution  of  the  blood,  and  capi'-lary  embolism  associated  with 
in  active  processes  must  be  considered  as  important  etiologic  factors  in  the 
developn'fint  of  purpura.  Extracts  from  this  Paper  have  been  used  in  several 
sections  of  the  Report, 

(4)  "The  effect  of  the  e:q;)losion  of  the  atomic  bomb  on  tlie  human  body" 
by  SURGEON  LIEOTEMHT  imSAO  SHIOTSUKI,  Qaura  Naval  Hospital. 

This  paper  is  one  of  the  few  factual  reports  that  could  be  obtained 
describing  conditions  in  tfegastdei  directly  after  the  bombing.  Detailed  clin¬ 
ical  records  of  several  patients  who-  died  in  the  early  stage  of  the  syndrome 
of  radiation  Injury  are  presented.  This  study  has  been  referred  to  in  Sec¬ 
tion  3N. ,and,,5,N,  of  the  Report,  One  of  the  most  useful  items  of  information 
in  this  essay  is  the  record  of  the  prognosis  for  patients  idth  severe 
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radiation  injury  up  to  10  September  1945.  Of  the  25  jxitients  in  tjhom  the 
ssradroiiK  had  been  recognized,  100^  liad  died.  This  is  a  misleading  estimate 
for  it  is  ncM  knovra  that  at  this  same  tijas  the*®  were  patients  in  the  Qnwra 
Maval  Hospital  v;ho  ultimtely  recovered, 

(5)  "Heiport  on  conditions  -  4  September  1945”  oj'  LT,  COL,  YOSHITMA 
SA5AICI,  STJHGIilOH,  216  Temporary  Field  Hospital  (Amgr), 

This  report  \ias  subsaitted  to  tlie  Governor  of  the  f'fegasaki  Prefecture, 
It  leaves  imch  to  be  desired  for  the  ijriter  deals  in  generalities  vhon  he 
shoxild  have  been  able  to  present  facts.  The  216  Temjjorary  Field  Hospital  be¬ 
gan  to  function  16  August  1945,  and  had  provided  care  for  approidmatcly  400 
in-patients  Ijy  2  Septssabor ,  Up  to  tlaat  time  it  is  stated  that  100^  of  the 
patients  diod  v;ho  developed  aigr  of  the  folloi/ing:  a)  severe  dysentery-lake 
diarrhea  immediately  after  the  bombing;  b)  continued  fever,  in  esecess  of 
40°C  (104°P);  and  c)  heraorrhagic  manifestations  of  any  sort, 

SPECIAL  CLIHICAL  STUDIES 

(6)  "Atomic  bomb  disease  in  childhood”  tr/  menbars  of  tho  Pediatric 
Clinic  (mCF,  M,  SiiJOHJI,  Chief)  Kyushu  Imperial  Uxiiversity, 

This  report  is  a  very  brief  summary  of  clinical  studies  performed  on 
20  children,  S  of  ’.rhom  trere  patients  in  the  University  Ollnic  and  of  which 
nujsbor  3  died.  The  authors  concluded  tieat  Children  vrei'd  more  susceptible 
to  gasnia  radiation  tlian  adults,  Tliey  either  died  promptly,  or  recovered 
quiclcly;  and  the  cotirse  of  the  syrKjromo  of  radiation  injxuy  in  them  iias  short 
and  had  a  favorable  prognosis,  Unfoidamately,  there  are  no  data  in  the  paper 
to  support  these'  statements, 

(7)  "Injuries  of  the  eye  &ae  to  the  ato'iic  bomb",  by  members  of  the 
Clinic,  (PROF,  S.  TAIIORA,  Chief),  I^mshu  Imperial  University;  and 


22  (4  N) 


59 


(o)  '*An®nic  rotinit.is  caused  by  the  atoinic  bomb”,  idea, 

T.iese  tvro  reposrcs  are  valuable  because  the  ijrxters  aT>parently  irore 
emong  the  earliest  members  of  the  Ifedical  Pactdty  of  the  University  to  arrive 

in  iJagasaJd.  The  types  of  ocular  trauma  observed  are  disct\ssed  in  four  cat¬ 
egories: 

\/ere  mild  and  tended  to  heal  uithout  do- 
foriiity.  Burns  of  the  cornea  and  bulbar  conjunctivae  v;oro  infrequent  and 
ifdld,  and  healed  idthin  a  month  leaving  only  slight  scars.  Superficial 

iCerato-conjvmctivitis  due  to  ultraviolet  radiation  uas  observed  but  healed 
quickly. 


b)  Concussion,  or  air  blast  car.sed  fen  injuries,  although  cases 
of  iridodialysis,  lusation  of  tho  lens,  detachment  of  the  reti2ia  and  honorrliag- 
os  in  the  retina  and  vitreous  were  obscjrirsd, 

c)  Trauj^  aue  to  foreign  bodies  vjas  neither  vei^y  common  nor 

unicuo,  Tho  m  st  frequent  agent  to  cause  injury  x-ras  a  splinter  of  window 

/ 

glass. 


Hemorrhagic  retinitis  xjas  not  observed  !>3fare  the  10th  day 
after  the  bombing.  The  lesions  xrerc  frequently  seen  in  mtients  vdth  the 
syndrome  of  radiation  injury.  Those  hemorrhages  and  infiltratiozis  xfere  idonti- 

caJ  xdcii  those  seen  in  pOTnicious  anemia,  ajdastic  anemia,  and  throu^ocytoponia 
purpura,  , 


(9)  "Lesions  of  the  pharyns:  and  laiyncc  produced  by  the  effects  of  the 
atomic  bor.*”,  by  14.  SASAKI, 'T.  INOUS  and  S.  TCHKA,  of  the  Institute  of  Otol- 
osy,  Rhinology  and  Laryngology,  Kyushu  Biiperial  University,- 

This  paper  contains  good  descriptions  of  tho  lesions  that' appeared  in  the 
’outh,  tliroat  and  larymc  of  patients  xdth  leulconenia.  Txro  illustrative  case 


histories  arc  inclxided.  Those  descri’^e  patients  in  x/hom  tracheotOEy  x/as 
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necessary  because  of  severe  laryngcaD.  edena  in  one  patient  and  necrotic 
ulceration  of  tiae  larym:  in  the  other,  (See  Section  5N), 

(10)  ”Denaatological  conditions  prodi''.ced  by  the  explosion  of  the  atomic 
bomb",  by  members  of  Dermatological  Department  (HICF,  IfniAIH,  Chief)  Kyushu 
Imperial  University,  • 

This  paper  is  a  brief  svcpvoy  of  the  nature  of  the  burns,  and  of 
the  alopecia  of  the  victims.  The  fallacious  conclusion  is  presented  tliat 
patients  \d.th  burns  and  radiation  sieJeness  had  a  better  prognosis  tlian  those 
T.dthout  Imnrns,  The  explanation  of  tiiis  rather  comon  misapprclicnsion  is 
simple;  The  observations  x-rere  ’nade  3-4  ucols  after  the  bombing  at  a  time 
’Then  the  mtients  rdth  severe  ^urns  and  severe  radiation  sicicnsss  had  al¬ 
ready  died  and  the  sxarviving  bterned  patients  Iiad  a  laildcr  type  of  radiation 
siclcness.  On  the  other  laand  this  i/as  a  period  of  hi^  mortality  for  pa¬ 
tients  whose  solo  injury  was  due  to  irradiation.  The  comparlscn  of  these 
two  groups  was  not  justifiable, 

(11)  ”The  liver  function  test"  (Santonin  Sxcretion)  by  S,  OIIKDRA, 
Nagasalci  Medical  College, 

Japanese  ptQTEicians  place  TTuch  confidence  in  the  Santonin  excre¬ 
tion  test  of  liver  function.  The  fact  that  tliis  tost  depends  on  the  xa^inary 
caccrotion  of  a  santonin  compoxind  elaborated  in  the  liver  introduces  several 

variables.  The  most  obxrious  is  anemia j  but  no  effort  is  made  to  correct  for 

/  . 

this,  or  for  any  other  faetcr.  Forty-nine  patients  with  definite  radiation 
siclcness  x;ore  tested,  and'  abnoriial  resxilts  x;ore  obtained  in  22,  Of  21  con¬ 
trol  subjects,  only  one  gave  an  abnorrixal  rosxxlt,  TMs  paper  is  cited,  for 
it  is  typical-  of  a  number  of  such  reports  xdiich  purport  to  prove  the  ejc- 
istonce  of  hepatic  parenchymal  damage  as  a  sequel  of  gamis.  radiation  from 
the  atomic  bomb. 
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(12)  '^Bacteriological  researchos  on  tho  serum  of  patients  vrho  vraro 
injurod  by  the  atomic  bomb  in  Nagasalci”,  by  membors  of  tiio  I  microbiological 
Institute,  (010?,  R,  KliURA,  Director)  Faculty  of  Il3dicinG,  I^yoto  Imperial 
University, 

The  immunologic  properties  of  the  sera  of  12  patients  injured  in  Ifega- 
saki  were  studied.  Three  of  the  loatients  had  epilation  and  all  vjero  said  to 
hove  ’lad  radiation  sideness.  The  bacteriological  pomrer  of  tho  sera,  tested 
against  staphylococci,  dysentery  end  typhoid  bacilli  tjas  less  than  for  nor¬ 
mal  controls.  The  titro  of  the  complement  in  each  serum  was  subnormal.  On 
one  subject,  serial  determinations  showed  incroasing  values.  The  opsonophag- 
cytic  indo:c,  however,  was  inci’eased  when  stapliylococci  and  S,  typhosa  were 
the  test  organisms  j  and  trcis  norrml  \dth  P,  pyocyaneus.  The  technics  usod  v/ere 
conventional,  and  the  results  appear  to  be  valid, 

•  i 

(13)  "The  bacteriological  and  seriological  researches  for  diarrhea  of 
atoiitic  bomb  diseases,"  by  mombors  of  the  Pediatric  Clinic  (PROP,  M,  MJOHJI, 
Chief)  Kyushu  liaperial  University, 

Seventeen  patients  xdio  had  had  dysentery  at  any  time  aftei*  tho  eocplosion 
of  the  atoroic  bomb  wore  studied.  Shigella  dysentoriae  (type  Shiga)  vms  cultur¬ 
ed  from  the  stool  of  one  case.  Aggjtotinations  against  Sliiga  bacilli  xfere 
positive  in  titres.  in  eiccess  of  lsl60  in  7  cases;  and  against  "metadysontory" 
bacilli  in  one  case.  In. view  of  the  quality  of  the  laboratory  work,  particu¬ 
larly  culture  studies,  this  incidohec  of  dysentery  may  be  considered  as  minimal, 
A  major  problen  in  the  interpeotation  of  the  symptoms  of  victims  of  tho  atomic 
bomb  has  been  the  diarrhea,  :  Ono  suspects  that  much  of  it  x/as  infective,  but 
there . are  no  reliable  report s  irith  any  bearing  on  the  question, 

(14)  "Concerning  tlie  chemical  constituents  of  the  blood  of  patients  in¬ 
jured  by  the  atonic  bomb,"  by  R.  'imOICATA,  T.  CDA  and  II.  USUI,  Institute  of 
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Tiiese  thri  b3.ocd  of  3c:?  patients  vdth  radiation 

injux'y,  and  conduattd  deterrdnatic'UE  on  7  eases#  Analyses  were  per- 

forinecl  for  the  folloiving  siVostcnces:  KFKj  proteiUj  edtumin,  globulin, 

'  fibrinogen,  calcium  and  sugar#  The dnost  striicing  abnormality  v^as  a  revers¬ 
al  of  the  h/O  ratio  in  sj.i  subjects,  vht  deviation  from  norjasl  which  oc- 
curi’ed  was  due  to  .an  iv).or.5?i.3e  of  tho  oivgl.olrJin  airi  a  decrease  of  the  ^bu- 
iiiin  fractions,  Winl:  d:;®  u^ssaga  of  tfria  thex*e  was  a  trend  of  these  valJues 
tov/ard  norrc^lo  The  v.ai.ii33  that  viore  repented  for  serum  calcium  seem  ab¬ 
normally  lew#  This  ViOiO.'C,  iiOT;c;\'er.~  nppeai  w  to  have  been  perfoi’med  carefully 
and  the  revic'ver  x-:>  in.'.iiiicid  to  aocapt  a31  of  it  but  the  calciuxa  determina¬ 
tions,,  The  values  fo--“  ji-nsme.  protciiis  agt-'co  in  general  with  the  de- 

teiviinations  -made  ;u.>  the  Joint  CornEissien'e  labcxuitories  using 'the  Cu  SO/j, 
Method#  Furthermcrcp  who  bistoz'tion  of  the  A/'Q  rcatio,  with  iov?  values  for 
slbunfja  aids  in  ;vnde.''2't;'iiicl:lv>g  the  sab;ject>3  viho  were  sdenatous,  but  whose 
plasKti  tx'oteiiis  (by  the  On.  bCi.  Mett.od)  vicrs  not  depressed  to  the  ’^fedema 
ieve".,*'  '  • 

(15)  "The  ■sxperijtis.nt;:,].  investigaticn  of  the  decrease  of  vitamin  C  in 
patisntri  suffering  £k“Cdi  ,ato;;iic  bomb  iix  Kaga-xSaid.'',  by  M,  FUJITA,  Kyushu  Isnper^ 
ieili.  Uriversi-ty, 

Tlvls  writs;.'  studied  the  'degree  of  vitamin  C  saturation  by  meas¬ 
uring  the  "fading  'time"  scoter  an  iritracutaneovxs  injection  of  a  2»i!.  dichlor- 
phcr;.oii:(?.odophatvol  r;oiution,,  In  general  it  was  prolonged  in  hospital  pa¬ 
tients,  Improvement  ;ln  the  reaction  vms  observed  after  treatment  vdth 
crystalline  D.- ascor-bic  acid;  or  after  the  ingestion  of  an  e:ctract  of  per¬ 
simmon  leaves  containing  vitamin  C#  The  technic  is  not  a  very  reliable  one, 
but  hhe  order  o;?  change  after  siedication  appsirrs  to  be  sigaificantfl 
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(16)  "The  pathologic  e-nd  anS.toinic  changes  3^1  atoinic  boxab  disease"  by 
meiabers  of  the  Pathological  Institute  (Frofi-,  S#  CNO,  Chief)  Kyushu  Imperial 
University o 

This  paper  is  a  summary  of  the  experience  of  the  group  vdth  autop" 
sy  material.  The  genarali.  conclusions  and  observations  offered  v^ere  in  close 
agreement  with  those  of  other  Japanese  workers.  Significant  differences  were 
noted  in  three  respects: 

a)  Attributing  some  of  the  tissue  reactions,  particularly  the 
infiltration  of  plasma  cells  and  eosinophils  to  an  allersr  of  an  unspecified 
nature. 

b)  Ascribing  changes  in  the  thyroid,  pancreas  and  gastric  glands 
to  gamma  radiation. 

c)  Minimi7.jng  the  e:ctent  end  significance  of  changes  in  the  test¬ 
es,  ^  I  , 

Specimens  of  tissue  from  most  of  the  cases  described  were  given  to  the 

Joint  Commission,  and  ftill  details  of  their  interpretation  appear  in  the  pro- 

i 

tocols  filed  in  the  Army  Institute  of  Pathology.  (C-eneral  Accession  Number: 

■I 

158930.)  Unfortxmately,  precise  clinical  details,  inf oiroation  on  the  lo¬ 

cation  of  the  subjects  at  the  time  of  the  bombing  are  generally  lacking. 

PHYSICAL  STUDIES 

(17)  "Japanese  survey  of  atomic  bombing  of  Hiroshima  and  Nagasaki," 
dated  10  November  1945 >  with  corrections . of  1  December  1945 j  reproduced  by 
Hq  USSBS,  APO  234. 

This  report  is  a  summary  of  physical  observations  and  estimates 
prepared  by  Japanese  nuclear  physicists  after  investigations  were  conducted 
in  each  city.  Prof.  Y.  NISHINA  was  in  charge  of  the  survey.  Certain  of  the 
data  used  in  the  Report  are  taken  frcm  this  paper. 
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(IS)  'Hadio  activity  of  the-grotind  of  Nagasaki  City  and  ite  neighbor¬ 
hood,”  by  mombers  of  the  Department  of  Physics  (Prof*  K*  SHINCHARA,  Director,) 
Kyushu  Ia?)erial  University  o 

This  is  a  careful  stud^  of  I'esidual  induced  and  deposited  radio¬ 
activity,  measured  with  a  Lanritsen  electroscope.  Human  bones  and  samples  of. 
earth  were  collected  for  analysis  at  a  number  of  sites  near  the  center.  Other 
measurements  were  made  in  the  region  of  the  Nishiyama  reservoir  where  radio¬ 
activity  had  been  discovered  by  the  party  of  American  physicists  from  the 
Manhattan  District,  Corps  of  Engineers,  The  radioactivity  near  the  center  is 
attiribated  to  the  action  of  slow  neutrons  on  elements  of  the  soil,  liiat  at 
Nishiyama  is  attributed  to  fission  products  deposited  there  by  a  rainfall,  j 
shortly  after  the  bomb  exploded, 

(19)  ’’Investigation  of  injurious  effect  on  the  human  body  of  the  explo¬ 
sion  of  the  atomic  bomb  at  Nagasaki  City,  ”  by  members  of  the  Departnent  of 
Radiology  (Prof,  T,  NAKASHBIA,  Director)  Kyushu  Inperial  University, 

This  study  deals  mainly  with  the  ability  of  concrete  and  other 
heavy  types  of  construction,  to  provide  protection  from  gamma, radiation.  The 
amount  of  concrete  which  is  stated  to  be  sufficient  to  prevent  fatal  radiation 
at  an  unspecified  distance  from  the  bomb  is  15-20  cm.  the  maxLmum  distance 
at  which  gamma  rays  were  Intense  enou^  to  cause  death  is  given  as  IOOO-I5OO 
meters.  The  report  includes  the  results  of  studies  of  individuals  who  entered 
the  central  area  immediately  after  the  bombing,  but  who  were  outeide  the  city 
at  the  time  of  the  esq^-osion.  No  change  in  leukocytes,  or  other  evidence  of 
radiation  sickness  was  found  in  these  subjects.  The  authors  believe  that  in¬ 
duced  radioactivity  due  to  neutrons  was  never  great  enou^  to  be  injurious. 

The  results  of  blood  counts  performed  on  the  residents  of  Nishiyama  District 
(see  above)  are  presented.  These  subjects  had  leukocytosis  of  significant  . 
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dogroe  period  of  50-SO  days  after  the  ejqjlosion.  This  is  attributed 
to  the  effect  of  radioactive  fission  i^roducts  deposited  near  their  homes  by 
rainfall,  shortly  after  the  eimlosion, 

(20)  "Survey  of  t!iQ  effects  of  radioactivity  of  the  atoEiic  bonb  which 
ms  used  at  !Iagasal:i  upon  the  inhabitants  in  the  district  of  Chijivm  Toim", 
by  m,  S,  KATSUICI  and  other  members  of  the  Faculty  of  liedicine,  Kyushu  Im¬ 
perial  University, 

Chijivra  Tcn-m  is  32  lea,  oast  of  Hagasalci,  and  the  cloud  containing 
radioactivo  fission  pxroducts  passed  over  it,  ajxl  enough  of  the.sc  substances 
fell  to  the  earth  that  their  presence  could  bo  detected  easily  by  a  Geiger 
counter.  The  course  of  the  cloud  and  tho  tirban  regions  iriLth  dotcctablo  radio¬ 
activity  t/ors  discovered  by  monitors  from  the  Imnliattan  District,  Corps  of 
iingineers,  during  their  survey  in  September, 1945.  Clinical  sttidies  were 
made  of  214  residents  of  the  town,  as  ;;ell  as  56  natives  v;ho  ;ind  been  in 
Ifegasaki  City  on  9  August,  The  residents  co),:plained  of  diarrhea,  fever,  etc., 
but  thesre  was  no  leukopenia,  or  epilation,  or  onmura,  anc'  a  careful  scorch 
revealed  no  cases  of  radiation  sickness, 

(21)  "Starvey  of  the  radioactivity  influence  caused  by  the  atomic  bomb 
-rhich  was  used  at  Nagasaki,  upon  the  inliabitants  of  the  City  of  Slii  iabara," 
by  S,  QSAJIil&  and  S,  XO,  Na^aki  I-iedical  College, 

The  radioactive  cloud  also  passed  ovot  Shiraabara  City  aikl  measure¬ 
ments  of  the  ionizing  radiation  on  the  ground,  were  Iiigher  than  normal.  There 
were  no  patients  with  radio.tion  sickness  nor  ajay  doubtful  cases  in  this  tasm. 
Blood  oxamination  of  15  persons  Who  were  in  Siimbara  9  August  reveal od  normal 
values, 

(22)  "Report  of  a  case  of  monocytic  leiikemia  occurring  follov.dng  the 
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atcmic  boab  dieoase,**  'ay  Drs,  T,  inSAO,  Y,  ^lARADA  and  J,  II/iTTCHI, 

This  case  is  A.i  .11,  -15S930-224.  See  protocol  for  details,  (8) 

(S)  Vlork  done  by  Japanese  maabcrs  of  the  Joint  Coanission, 

GISiiaaiiL  CUBICAL  STUDIES 

(23)  "Contributions  to  the  problem  of  the  cause  of  death  of  the  atomic 
bomb  victim®,"  by  T,  ICASKUADO,  Tolsyo  laperial  University, 

Tliis  is  the  report  of  a  study  of  the  clinical  records  of  the  Qnnira 
Uaval  Hospital  to  detomine  the  apparent  cause  of  death  among  the  patients 
treated  there.  Of  the  I64  deaths  that  occiarred  betv/eon  9  Ai^just  and  17  Sep- 
tenber,  89  xrero  patients  whose  only  injury  ms  ’curnsj  39  had  only  vrounds;  and 
36  had  soae  ocHabination  of  injuries  due  to  burns,  wounds  and  radiation.  The 
’.iriter  experienced  great  difficulty  in  establishing  a  relationsliip  between 
radiation  injtary  and  death  in  patients  with  other  types  of  injury.  It  is 
possible  tliat  more  extensive  laboratory  studies  could  have  ’:^err3ittcd  tlic  inals- 
ing  of  clearer  distinctions  of  tlio  cause  of  death,  but  the  case  load  was  so 
great  that  this  xtsls  not  done, 

(24)  "Concerning  the  cachetic  conditions  of  patients  injured  ly  the 
atomic  bomb  in  Ife-gasalci,"  by  li.  URAB3,  and  1^.  lElTJO,  Surgical  Clinic,  Tokyo 
Imperial  University, 

This  is  a  careful  study  of  15  patients  who  dicplai'od  a  pectsliar 
tyne  of  cachexia  which  ms;  distinctive  enough  to  justify  considering  it  as  a 
clird.cal  entity.  The  typical  subject  was  of  middle  age  and  liad  been  out  of 
doors  or  inside  a  m/ooden  building  at  a  distaJice  of  1  to  2  Icm,  ll-om  the  centcar 
;)f  the  esqjlosion,  T^rclve  of  15  -lad  received  flash  burns  of  saodorate  extent 
and  severity,  but  healing  occurred  satisfactorily.  Six  of  15  had  epilated 
and  all  the  subjects  had  developed  orooliaryngeal  inf laciitat ions ,  or  mun^ura, 
or  both,  Tliirteen  of  15  iiad  developed  diarrhea,  vMch  ms  severe,  often 
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blcociy,  and  qixite  resistant  to  therapy*.  Frogressivo  anejnia  was  observed  in* 
every  case  and  the  values  for  the  hoEo^obin  content  and  the  rod  cell  count 
w^e  less  than  half  of  normal#  Leulcopexiia  had  been  observed  in  some  of  the 
patients;  but  at  the  time  of  the  study, ^ 60-90  days  after  the  bonding)  all 
had  normal  white  blood  cell  counts*  Examination  of  sternal  laarro’.?  obtained 
by  puncture  biopsy  vje.s  performed  In  every  case#  The  .marvovi  contained  fei^ar 
©rythroid  elements  and  fewer  eosinophils  than  ^'.’ere  seen  in  patients  assumed 
to  have  received  eq^xlvalent  doses  of  gamma  radi-etion*  Hypoproteinemia  vjas 
observed  in  all  t!ie  cases;  the  average  value  for  plasma,  protein  concentration 
(Cu  SO4  Method)  was  5*4  G*  per  100  cc,  and  the  range  of  values  was  3*9,  to 
6,40,  Fourteen  of  the  15  had  edema  of  some  degi’ee,  in  half  of  them  it  was 
generalized  and  associated  with  ascites.  Loss  of  wei^t,  dry  skin,  low  body 
temperature  and  low  blood  pressure  vrere  the  other  featui'cs  0:.’  tiie  sjaidrojae. 
Seven  of  the  subjects  died  ana  were  autopsied  Kujafc'ers  3.5B930'-184,  190, 

192,  193?  194^  195^  196),  These  patients  showed  little  tendency  to  recovery, 
even  when  provided  with  sufficient  food,  •vitamin  supplements  and  appropriate 
drugs.  The  writers  conclude  that  the  syndrome  is  a  ’’traumatic  c£.chexi.:a”  and 
seem  to  feel  that  loss  of  protsin,  diminished  resistance  to  im'ection,  aiid 
an  unspecified  type  o.f  damage  to  other  sbruotures  by  the  gamma  radiat.ion  war© 
ths  important  etiologic  facto’rso  Patients  vdth  this  syndrome  of  cachsjcia 
attracted  considerable  attention  from  all  observers,  but  the-  percentage  of 
the  surviving  hospitalized] victims  who  had  this  condition  wen  quite  small, 
less  than  of  the  total; 

SPECIAL  CLINICAL  STCJDIES 

(25)  ’’The  behavior  of  ■tJie  eosinophilic  cells  in  blood  and  bone  marrovj 
of  the  patients  injured  by  the  atoEiic  bcaslD  at  Kagasalcl  in  tlie  ttiird  and  fourth 
month  after  the  explosion,”  by  H,  USDA  pM.  S,  KIKAIDO,  Faculty  of  Medicine, 
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iolcyo  Iffipei’ioJ.  Univevsityo 

Eos5.rioph;lls  'hi  the  blood  and  in  the  lEaterial  obtained  by  eternal 
punctijires  wos  frequently  foiuid*  'fliere  appeared  to  be  a  definite  r^l^itionship 
betvveen  the  procses  of  recovery  froa  the  syndrcane  of  radiation  injury  and  the 
degree  of  e<;sinophiliaa  The  highest  vaities  for  the  percent  of  these  cells  in 
the  blood  and  roerrow  reere  observed  during  Octoberj  that  is,  hi  the  period  7 
to  12  neaks  after  tiva;  bontbing*  A  condejisatibn  of  a  tabulation  of  the  results 
of  the-  ytudy  ie  ehovsn  3.r.  Table  1»  , 

TaSL^.I 

(liours  ■ 


No.  MAXIMUM  DISTANCE 
!;£T£;FB' 


Patient  vdth  clinics! 
evidence  of  s'adiation 
i:','  jvi.T‘;/j  ‘sexror©  ty_ps 
vdth  o'oilationo. 


5Cj  0'-2500 


EC'SIKOPHILIA  MAXIMUM  VALUE 
■  3^^  BLOCD  '  IN  BLOCD  FIIMS 

mm  1^0 

1%  3995 


B,  Phoients  v.’ith  clinical  390*. 
evidence  of  radiation 
.injury,  adld  typs  vdth-- 
out  epilation. 

o~ii:ooo 

5495 

Cv  Uninjiiro:!  subjects 

■*Coatro3.s"  50 

4000-1700 

40?i 

22?J 

D_,  Centrois  1.5 

iT'OC-plus 

20?7 

14^’ 

In  Gror.p  A,  S  of  the  patients  had  less  then  10^  eosinophils  in  the 
peripheral  bloody  Five  of  these  B  patients  cliedj  and  they  vjere  the  only 
deaths  in  tiiie  entire  greup.  The  percentage  of  i^osinophilic  ce3J.s  in  their 
aiarron  vMas::  Op,  OJi,  0^,  OJ-S  0,8;^  respectively.  This  msy  be  compared 
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to- tot.al  muiibftr  of  blood  coriits  on  appi’CCidjaately  270  patients. 


the  average  for  al3.  subjects  biopsied  in  October:  5#5/5f  Tor  nor— 
ml  Japanese:  ii.,yf3.  It  is  iaterostiiig  too,  to  note  tiaat  the  syeloid-erythroid 
ratio  in  the  jaarrow  of  the  fatal  cases  was  high;  5,1  to  21:1;  as  coaipared 
wit-j  the  average  for  this  same  period  v/hich  vjas  2,5  :  1,  Tho  authors  believed 
tliat  persistently  low  values  for  eosinophils  in  blood  and  bone  r^!arro^/  was  an 
oiainous  prognostic  sign,  Tho  sane  was  also  true  for  high  values  for  the  py- 
eloid:  ei’ythroid  ratio  in  tho  differential  count  of  sternal  laarrow  cells, 

(26)  "ReiTort  of  reticulocytes”  by  K.  KAIDA  et  al.  III  Medical  Clinic 
Kyushu  Imperial  University. 

T  \is  is  a  report  of  161  reticulocyte  coimts  performed  on  the  blood 
of  patients  in  Obura  Naval  Hospital.  Tho  most  strilcing  feature  of  tlio  study 
was  the  lov;  percentages  fotind.  In  patients  whoso  red  cell  count  vkis  less 
tlian  2,000,000  per  cubic  millimeter,  the  usual  value  xras  about  4,05i  wliicli  \jq.s 
the  highest  for  any  level  of  red  cell  count,  'hon  the  result.^  vrere  tabulated 
on  the  basis  of  the  nature  of  tlieir  injuries,  tho  group  who  Iiad  both  ,  hmor- 
rhagic  manifestations  and  bums  had  the  Isrgest  number  of  reticulocytes:  av¬ 
erage  val.ue  4.9^.  In  general  a  tendenej’’  mos  observed  for  the  reticulocyte 
court  to  vayy  in  the  sa;ne  direction  as  the  leul:ocytc  count.  This  work  vtog 
carefully  done  and  illustra'ted  qtiite  x/cll  the  meagre  degree  of  crythropoiosis 
that  occurred  spontaneously,  incept  for  one  patient,  no  reticulocyte  count 
highei*  than  5^  was  found.  In  other  hospitals' where  potent,  liver  extract  ireis 
used  in  therapy,  values  as  high  as  15^  were  observed  in  coiiparablo  patients, 

(27)  "Report  on  basal  motaboliam,”  by  K.  KAIDA.  ot  al.  ,  IH  i&dical  Clin¬ 
ic,  IQrusliu  laporial  University,  ;  6  h 

Tlois  report  is  of  no  scientific  iianortanco,  since  the  ostimtes  of  tesal 
metaoolisTn  were  made  on  the  basis  of  tho  relationship  between  'irnilse  rate  and 
pulse  pressure.  It  is  mentioned  hero  only  because  the  method  appeared  to  bo 
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eomon  practice  in  Japan*  Either" 


or  Gele‘6  for/nula  was  used*  The  de¬ 


gree  of  confidence  of  Japanese  physicians  in  this 


isathod  VJas  quite  amazing* 


(2S)  ’’The  influence  o#the  atomic  bomb  explosion  on  the  eaj:,  nose  and 
throat”,  bj>'  Y,  KASHlWADO,  Otorhinolaryngclogy  Clinic,  Tokyo  InroerieJ-  Univer¬ 
sity, 


Tliis  is  a  series  of  four  reports  describing  the  results  of  careful 
examinations  of  the  eai‘,  nose  and  throat  of  198  patients.  The  types  of  lesion 
observed  were  classified  as  follows: 


.  a)  Deformity  of  the  auricle- caused  principally  by  flash  biarns 

and  perichondritis, 

b)  Rupture  of  the  ear  dn.tms-GauBed  by  air  blast, 

c)  Atrophic  rhinitis  -  in  most  instances  this  involved  the 
anterior  portion  of  the  nose*  In  some  cases  this  lesion  was  associated  with 
flash  bums  of.  the  face, 

d)  Tinnitus  -  said  to  have  been  present  since  the  bomb  ex¬ 
ploded,  In  the  majority  of  these  patients  there  was  no  hearing  loss, 

e)  Deafness  -  said  to  ha've  been  ja’csent  since  the  bomb  explock 
e(i>  In  most  patients  this  was  apparently  due  to  stricture  of  tlie  eustaeh- 
ian  tube. 

The  exact  location  of  all  patients,  and  in  particular  those  with  ruptured 
ear  drums  was  investigated  with  the  following  result;  (See  table  2.) 
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0-500  meters 

500-1000  : 

meters 

Farther  than  1000  meters 

Ruptured  ear  drum, 
due  to  bomb. 

1 

4 

.  '  0 

Ruptiured  ear  drum, 
probably  due  to 
bomb , 

3 

0 

Total  cases 

hk 

125 

29  . 

V 

Total  percent  with 
ruptured  ear*  drums 

% 

0 

The  writer  consiilted  Japanese  engineers  tvho  supplied  the  following  data 
fdf  the  blast  pressure  at  NagasaJei.  (see  table  3) 


DIbTAWCE  -  IlEYiiltS 


T/vBLE  3 


MYDROSTATIC . PRESSURE 
Gvi.  /  CM^ 


liOO  2000 

500  1000 

1000  130 


Eb^erimontal  uorlc  is  cited  which  illiistratcd  the  effect  of  hy¬ 
drostatic  pressTire  on  the  ear  drums  of  cadavers: 

a)  1  atmosphere  of  ovor-pressure  (1000  Glj/cm.^  caused  the  rup¬ 
ture  of  10,8^  of  180  ear  drums, 

b)  3S0  GI|/ca^  vra.s  the  lowest  pressure  which  inpturod  an  oar  drum. 
The  author  concluded  tloat  the  mptur cd  car  drums  that  he  studied  v;ere  due  to 
the  33:ploding  atoroic  bomb, 

(29)  "Gastrointestinal  tract  of  the  atomic  borabed  patients,"  by  K. 
KISriEDTO,  Facults?"  of  Medicine,  Tolcyo  Imperial  University, 

Careful  studies  were  made  of  the  gastric  secretions  of  45  patients 
with  the  syndrome  of  radiation  injvay,  Anacidity,  even  after  histamine,  \ias 
found  in  6,  but  since  these  were  older  patients,  no  significance  vras  attribut¬ 
ed  to  it,  Pliioroscopy  of  the  stomach  and  small  intestines  was  ;oracticed  on  11 
patients.  No  abnormalities  were  seen.  Gastroscopy  ijos  perfon.iod  on  20  pa¬ 
tients,  ajid  the  appearance  of  the  laucosa  vkxs  renorted  to  be  within  the  limits 
of  no3?mal,  Tlie  iTaticnts  who  vrei’e  studied  ircre  in  the  group  most  severely  af¬ 
fected  by  the  garmm  radiation  who  were  still  alive  in  October  1945  (8-12  weelcs 
after  exposure)  and  ’jho  wore  able  to  tolerate  the  studies.  The  failure  to 
iind  sigiiificant  lesions  in  tue  stomachs  of  these  patients  is  an  iiaportaht 
observation.  Other  less  critical,  Japanese  have  described  a  var3.oty  of  "spec¬ 
ific  lesions,"’ 

(30)  "Investigation  of  changes  in  menstruation  caused  by  injury  frora  the 

atomic  bombing  at  Nagasalci,”  K.  Kaida,  o  al,.  III  ifediccO.  Clinic,  Kyushu 
Imperial  University,  - 

This  study  ims  made  betvreen  1  Noveraber  and  20  November  1945, 
Questionnaires  were  ansxrered  satisfactorily  by  47  females,  mainly  school 
girls  between  the  ages  of  15  and  20,  A.T1  e::cept  61,  who  were  hospital 
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patiesrlts,  were  healthy  at  the  tims  of  the  study.  The  entjj:’©  group  v;ere  with-.- 
in  the  city  limits  on  9  August  1945®  The  inost  marked  effect  on  tienctrual 
function  was  seen  in  the  women  who  had  the  syndi’ome  of  radiation  injury, 
vdth  epilation  and/or  purpuraa  (See  table  i,.).  Of  the  entire  group.  the\ 

326  who  wore  outdoors,  or  inside  of  Japanese  tj'po  wooden  buildings  vjere 
found  to  have  been  effected  the  most  consi-stently..  The  details  of  this  are 
presented  in  condensed  fora  in  Table  i|.. 

(31)  "RSport  of  miscarriages  and  premature  parturitions"  by  K.  Kadda,  et 
alo.  Faculty  of  Medicine,  Kyushu  Imperial  University, 

The  effects  of  the  atomic  bomb  on  pre^aicy  was  studied  with  the 
help  of  approxiniataly  one-third  of  the  local  obstetric! juib  and  rnidwiveS  v  These 
specialists  had  attended  182  wojnen  in  the  period  9  August  to  8  Kovoniber  1945 » 

Of  these  pregiancies,  50,  or  27,5?5  terminated  abnorraally.  According  to  their 
clinical  records,  during  the  period  9  August  1944  to  6  Aiigust  1945?  99j  or 
6.1^  of  the  pregnant  women  they  attended  had  miscarriages  or  delivered  pre¬ 
maturely,  Of  the  50  abnormal  cases,  studied  by  Kaida,  five  were  attributed 
to  factors  not  related  to  the  atomic  bomb. 

The  findings  for  the  group  are  condensed  in  Table  5» 

T/aiJS  4 

(Women  who  wore  outdoors  or  inside  wooden  buildings,) 

DISTANCE  TOTAL  NUMBER  OF  ^  WITH  CMim  IN  %  WITIi  AMSNORRinSA  FOR 
FROM  BCMB  FEMALJS  MliSiSTRUATION  MOIIE  THAW  1  MONTH 


0- 

0.9 

11 

100 

02 

1.0- 

1.9 

80 

88 

75 

2.0- 

2.9 

50 

66 

62 

3.0- 

3.9 

63 

49 

32 

4.0- 

plus 

102 

26 

18 

^^Patients  with  ra¬ 
diation  sickness  40  100  92 

(The  location  of  these  varied,.) 
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DISTANCE  FROM  BOMB  imMi 

IMiA 

y.jmvERY 

mscpmiMSi 

l^REMTUHE 

PARTURITION 

0  -  0,9  km. 

0 

5 

0 

1,0  -  1,9  " 

0 

o 

6 

2,0  -  2.9  " 

5 

1/. ' 

1 

» 

C»V 

1 

o 

Q 

32 

o 

0 

4.0  -  plus 

3 

Totals 

132 

33 

12  Total-177 

Gases  presumably  not  dtie 
to  the  bomb. 

There  were  insufficient 

data  to  provide 

3 

!  significant 

2 

information  on  the 

aaioimt  of  protection  against  ini3carx'“iage  that  heavy  building  construction 
rlgtit  offer.  Ihirteen  of  the  women  'inere  in  concrete  or  brick  buildings,  or  -in 
Bhelters,  and  of  these,  k  miscarried.  The  distance  frcsn  the  bomb  in  two  cases 
was  less  than  1000  maters.  Ten  of  the  45  inothers  died  after  parturition,  and 
all  but  2  of  those  died  within  one  week.  Of  the  12  premature  infants  that 
vjere  dcjlivered,  4  were  still  bom  and  3  died  subsequently, 

(32)  ''Chlorine  content  of  the  blood  of  the  atomic  booab  patients  in  Omura 
Nayal  Hospital,"  by  S,  KINO,  Faculty  of  Medicine,  Tokyo  Znperial  Ihilversity, 

\7hole  blood  chlorides  were  estimated  in  190  patients,  using  a  odcro- 
jiiethod  (Koran  Ruscnyak  the  normal  vailucB  for  which  are  450-500  mg,  per  100 
cCs  Ps-ftsen  of  the  patients  were  foxind  to  have  whole  blood  chloride  values 
less  than  450  mg,  one  was  as  low  as  380  rag,^.  These  subjects  witii  low  val¬ 
ues  were  studied  for  clinical  evidence  of  adrenal  insxjff iciency  with  negative 

•5>Kota;  Tho  patients  are  included  in  the  first  group  of  figures  if  they 
outdoors,  or  in  wooden  buildings,  * 

75 
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results.  The  above  chloride  investigation  \ts.s  undertaken,  actually,  to  do- 
teriino  the  incidence  of  adrenal  dysfxuiction  after  ganim  radiation. 

(33)  "Tho  Talcata  test  for  hepatic  ftuiction  of  patients  injured  by  the 
ato-nic  bonib"  by  X.  KISHIIOTO,  Faculty  of  Hodicino,  Tokyo'  Imperial  University. 

The  Talcata  test  ircis  porforned  566  times  on  34?  patients,  of  whoa 
148  had  definite  evidence  of  injury  by  gaa'^^ta  radiation,  ao  v;ell  as  other  in¬ 
juries.  Seventy  -two  of  these  patients  had  not  been  burned,  Seventy-thi-co  of 
the  total  number  had  biwns  as  the  njain  injury,  but  in  them  there  was  reason 
to  believe  that  radiation  may  liave  been  a  factor  in  their  illness.  The  roiaain- 
ing  126  I::ad  received  no  burns,  and  presumably  no  injury  by  gamma  rays.  The 
results  were  as  given  in  Table  6, 

The  tests  were  psrforraed  serially  in  some  patients,  and  at  different 
intervals  after  the  bombing,  Betv«recn  30  September  and  11  November,  there  was 
no  significant  variation  in  the  percentage  of  positive  tests  Oinong  the  groups 
tested.  The  large  number  of  positive  tests  encountered  in  this  series  is  in- 
terostingj  but  the  tabulation  does  not  prove  tliat  gamuia  radiation  caused,  liver 
dysfunction*  These  st’Jdios  were  careful  ..  and  the  rovievjcr  has  considerable 
confiejenco  in  their  accuracy,  Tlois  typo  of  result  lias  convinced  many  Japanese 
tiat  tb.Q  liver  is  da'-:o.god  by  gamria  radiation,  (see  tab7i.s  6) . 

(34)  "The  examination  of  urine”  idem. 

The  urine  of  229  patients  ;/as  tested  for  urobilinogen  and  albunin. 
The  urobii-irngen  excretion  \^as  significantly  olevatiJd  in  31  or  13^  of  the  pa»* 
tients,  1/hen  the  data  are  analyzed,  it  is  found  that  13m  of  patients  v/hose 
only  injviry  xnxs  due  to  gsiwaa  radiation  had  sigiiif leant  urobilinogenuria  at  tho 
time  of  oxsinlnation.  The  findings  with  respect  to  albuiin  v;ero  similar;  17,5^ 
if  the  229  patients  wore  found  to  have  albuiinuria  at  the  time  of  examination. 
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Among  the  paticiits  with  injm’y  from  gejima  rays^  but  Vwithont  bm'nij,  iO  oi’  4?  7 
or  2155  had  albiimin  in  the  urine o  The  virxcQj?  belicivod  that  tlie  "high"  inciderc;' 
of  urobilinogenuria  was  -  good  evidence  for  hapatic  parenchysuii.  injiuy  by  ,ga.nma 
radiation*  After  analyzing  the  results  on  the  basis  of  the  dioi-nosisj  the 
only  justifiable  conclusion  is  that  uTrcbilinogenuria  occuired  to  the  ssm®  ex¬ 
tent  in  patients  severely  injured  by  gainma  radiation,  axid  in  patients . 'flith 
burmj  and  other  types  ol  violinds. 


TIPE  OF  PATIEUT 


TABLE  6 


KUilBI®.  %  h'lTH  POSITIVE  TAKATA  TEST 


1,  Clinical  syndrome  of  ra- 
di.atioa  injury,  vJith  or 
without  other  types  of 
injury. 

\  «) 

! 

.h% 

2,  Radiation  injury-vdth- 
out  burns. 

72 

m 

3,  Biims,  with  or  T;ithoi\t 

T/ounde,  but  no  clear  evidence 
of  radiation  injiuy* 

73 

-  r--# 

7y,- 

4,  Mechanical  jrijurics  &  other 
conditiems. 

12 

5.  Kormal  controls 

-2 

1.1/ 
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Fig.  1 — (Un).  a  patient  and  a  Bed. Cross  nurse  in  one  of  the  wards  of 
Omura  Naval  Hospital.  The  beds  and  the  general  cleanliness  were  un¬ 
usual  features  of  this  institution.  (Rioto  File  #NH  I38.) 


Fig.  2 — (4ll).  Scene  in  a  ward  of  Omura  Naval  Ho^ital. 
#NP156(K).) 


(Photo  File 


Fig.  3 — (4n).  a  view  of  one  of  the  well -equipped  operating  rooms  in 
Omvira  Naval  Hospital.  (Photo  File  =ff=SR  137.) 


80 


81 


Fig.  5 — (4N).  Laboratory,  Shlnkozen  Medical  Aid  Hospital.  (Photo  File 
#NH139a.) 
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Section  5H 

CLIUICAL  .pBSHimTIOHS  Hi  HIRQSHII4& 

Prepared  by  Avcrill  A,  Liebot-;,  Lt,  Col.,  I4,C, 

Data  collcctod  by  Vomc  It,  iiason.  Col.,  M.C. ,  Avcrill  A,  Licbow,  Lt, 
Col.,  11,0.,  ia.lton  L,  Ilramor,  I^fejor,  II.C.,  Jack  D.  Rosenbaum,  Capt,, 
M,C,,  Calvin  0,  Koch,  Capt.,  M,C, ,  J,  Hxilip  Logo,  Capt.,  ii.C.,  and 
JapanosQ  Mmibers  of  the  Joint  Coj-inission  Team  in  Hiroshima, 

To  rosolve  the  caiiploisities  of  the  clinical  observations  it  vras 
thought  best  to  prosont  the  infornction  in  sections.  Each  chapter  gives 
a  detailed  account  of  certain  aspects,  but  cross-references  are  abundant¬ 
ly  employed  in  an  attempt  not  to  dismember  the  clinical  whole.  In  the 
■fxresent  section  the  min  signs  and  symptoms  aro  discuased  and  illustrated 
systematically  and  a  broad  classification  of  the  typos  of  cases  comrionly 
encountered  is  orosentod,  together  idth  illustrative  examples.  All  avail¬ 
able  hem.tologic  and  necropsy  data  irore  reviewed  by  the  Coimnission  and 
are  presented  in  sections  6,  7,  and  S,  In  section  9  appears  a  statistical 
analysis  of  the  case  recoils  obtained  as  detailed  in  section  4.  For  tho 
clinical  details  of  the  early  cases  reliance  has  had  to  be  placed  on  the 
Japanese  descriptions  as  contained  in  reports  from  the  Tolcyo  First  Mili¬ 
tary  Hospital  raid  Tolcyo  and  Kyoto  Research  I^ties,  Abstracts  appear  in 
the  apnendi::  on  Section  4H. 

Tho  various  types  of  injury  wild  be  discussed  according  to  the  clas¬ 
sification  contained  in  table  1,  . 

Trauraa 

Lature  of  tho  Injurious  Factors;  Tratpia  ms  inflicted  h^r  the  meclianical 
force  of  the  ciqolosion  either ^as, .blast  or  indirectly.  As  in  the"  case  of 
tlie  boiablng  of  Britain  the  vlattcr  was  haich  the  more  I'nportant, 

Mhat  is  knoim  conceiviing  the  cjsact  mgnitvide  and  duration  of  tho  me- 
cha-iical  force  exerted  during  the  oiqilosion  of  the  atoioic  bomb  at  Hiroshim 
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is  still  S0<a*et,  It  my,  hoirovor,  be  discussed  in  general  terms  based 
on  rather  crude  observations  and  analogies. 

In  the  case  of  an  ordinary  e::tplosion"'  of  say  70  lbs  of  ild  there  is 
at  a  distc.nce  of  30  feet  frem  the  explosion  point  a  sharp  poak  of  Iiigh 
iTTCssuro  lasting  5  aillisoconds  follovrcd  by  a  negative  phase  aporosdimate- 
ly  30  ailliseconds  in  duration.  At  this  distance  (30  foot)  the  peak 
laressure  is  only  15  lbs  per  sq,  in,  in  cuicess  of  atonospheric.  It  rises 
rapidly  closer  to  the  center,  "Small  aninals  nay  be  killed  instentanoous- 
ly  at  lores sures  of  50  lbs,,  and  arc  certainly  Icilled  at  pressures  approach¬ 
ing  100  lbs  per  sq,  in.^"  iJith  ar^r  given  charge  of  e:cplosive,  the  durat¬ 
ion  of  the  pressure  peak  increases  and  the  prossuro  falls  i/ith  distance. 

The  ato'jiic  be  »b  c:mloslon  differed  fre:::i  ordinarj''  borib  blast  in  the 
v;idc  conpass  of  its  range.  No  one  was  closer  to  the  bomb  than  several 
hundred  meters.  At  tliat  distance  the  peak  "n*cssurG  nnxst  already  have  fal¬ 
len,  and  its  duration  must  have  been  greatly  increased  in  comparison  to 
vrhat  it  was  near  the  center.  The  explosion  did  not  have  the  iTammer-bloi-/ 
effect  of  high  explosive,  but  vras  rather  lilce  a  sudden  violent  gust  of  air 
which  lasted  for  a  brief,  but  appreciable  period.  As  in  the  case  of  an 
ordinary  ojcplosion  the  speed  of  the  imolse  of  positive  pressure  \jao  approx¬ 
imately  that  of  sound  beyond  a  certain  "distance,  but  v;as  much  greater  close 
to  the  point  of  origin,  v  " 

^  Zuckorman,  S,  Tlio  problem  of  Blast  Injuries,-  Ppoc,  Royal  See- 
(Sect.  Surg,  and  Path),  171-1S&,  19^ 
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According  to  Japanese  investigrtors  the  ifieaii  velocity  of  the  blast 
\javc  over  a  distance  of  approxi'nately  t’lree  kiloneters  vra.s  about  twice 
that  of  sound.  Its  duration,  at  400  noters,  was  estisnatod  as  approxlnatGly 
one~tv;cntioth  of  a  second.  The  presstire  of  the  blast  at  Hirosliiiaa  was  in 
the  neighborhood  of  14,2  pounds  ner  square  inch  at  200  netors,  5  pounds 
per  sqtu'xc  inch  ot  500  netors,  and  2,1  pounds  per  square  inch  at  1,000 
vaetoro.  It  nov;  reiuciins  to  dxscass  the  direct  and  indirect  effects  of  the 
blast  on  the  huinan  target, 
a.  Direct  Effects, 

The  Japanese  medical  observers  on  the  spot  could  not  find  any  cases  of 
direct  danage  to  the  internal  organs  l^y  the  blast.  At  necropsy  of  the  early 
cases  there  vrarc  no  tyi^ical  evidences  of  blast  da.:;iaga  to  the  lungs,  although 
foci  of  erapliysona  and  atelectasis  were  found, 

I'kny  individuals  (apyjroximtely  1%  of  survivors  up  to  2500  meters),  re¬ 
ported  leaving  lost  consciousness  tc-itnorarily  vrith  no  liistory  of  direct  traxif- 
ma  to  the  head.  The  observations  of  Zuckerman^  tend  to  discount  cerebral 
concussion  resulting  directly  frora  blast.  It  is  probable  that  violent  dio- 
placeraent  bj'  blast  of  people  accounted  for  tratcaa  to  tbcj  head  x-7ith  re¬ 

sulting  unconsciousness. 

Ruptured  Ear  Drum;  At  the  Hinoshirna  Hospital  soon  after  the  bombing 
only  8  of  371  patients  who  \jere  cacamined  load  ruptxared  car  drums,  although 
19  in  the  group  of  37i  sxoffered  temporary  deafness,  3GVonty-si>:  per  cent  of 
this  group  of  men  had  been  within  2  kilometers  of  the  center.  In  the  patients 

^Zuckermn,  S,  "Observations  on  So-called  Blast  Cerebral  Concussion 
(Confidential  British  Report,  B,  P.  C.  147A^.S,  12) 
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(ssamined  by  the  Joint' ComiGsion  loss  than  2^  had  ruptured  drums,  oven 
:rithin  the  first  1000  meters,  and  boyoad  1500  motors  the  iacidonco  fell 
below  0,1^,  According  to  the  British  investigators  there  is  groat  variation 
in  vrhat  blast  pressui'o  irill  rcs^d.t  in  ruptui’e  of  the  ear  drum  in  man.  In 
explosions  x/hero  persons  t;oro  subjected  to  prosstiros  ostimated  at  between  45 
and  100  pounds  per  square  inch,  less  than  half  of  a  Rmall  group  suffered 
rupture  of  tiie  tymmnum.  The  drttu  may  ho’.rcvcr  rupture  under  pressures  e.s 
lev;  tis  2  to  4  pounds  in  excess  of  atmosmhoric,  ^  Fa.ctors  of  acceleration  of 
prcssirro  laay  also  be  imioortant  in  detejmining  the  incidence  of  blast  effect 
on  the  biological  target. 

b.  Indirect  Bffocts  of  Blast  (Trauma  ]jy  falling  vmlls.  etc.). 

of  Effect,  Incidence  of,  and  Mortality  from  Injury:  V/indoirs  irorc 
broken  as  far  away  as  Kure  20  Kia,  The  radiias  of  co;npleto  collapse  of  v;oodon 
native  buildings  v/as  2,4  kilomoters,  almost  synnetrically  distributed  about 
the  center .  Its  extent  is  shovm  in  figure  7  (Section  3H).  The  incidence 
of  meclianical  injviries  depends  on  distance  from  tlie  center  and  is  sho\m 
graphica3.1y  in  figure  2H  (9).  It  is  about  60  mr  cent  between  500  and 
1250  meters.  The  possibilities  for  injury  arc  illustrated  in  before  and  after 
photographs  ard  panoramic  vicirs  in  Section  3H, 

It  is  only  beyond  2700  meters  that  tho  incidence  of  mocixinical  injuxy 
begins  to  fall  off  rapidly.  Even  at  4500  motors  the  incidence  in  the  stcp-- 
vivor  group  is  still  14  per  cent.  Fatal  injuries,  hen/evor,  are  almost  entire¬ 
ly  in  the  zone  of  complete  destruction  of  ljuildings  (fi^guro  3  (lOH)  ), 

^Blalco,  P.M,,  Douglas,  J,V/;B.,  Krohn,  P.L,,  &.  Zuckerman,  S,  Rupture  of 

tlto  Ear-Drums  Blast,  ililitary  Personnel  Research  Committee  of  the 

Medical  Resoarch  Council,  (Confidential  British  Report,  3.P,C,  43/l79A^.S.21). 
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B^ro&d  the  2400  neter  range  there  is  a  very  latgo  isone  i^iiere  there  arc 
partially  collapsed  nooden  biiildings  or  xvhesre  caa  cccasional  bidldlng  has 
suffered  total  collaj>se«  This  explains  why  the  curve  of  casualty  and 
mortality  flrcm  injury  does  not  quite  reach  the  baeo  lino  even  at  5000 
metersa 

Prom  the  point  of  view  of  avoiding  iceclisnical  injury  the  best  posit¬ 
ion^  as  a  mamexit!s  thou^t  uould  lead  cne  to  ei'Spoct^  proves  to  be  out  of 
doors  at  a  distance  from  brxildings  (figru’s  4H(9)  )•  This  is  true  for  sur- 
vivors^  olthou^  of  course  in  the  inner  ring  the  norfcality  among  those  truly 
in  the  open  from  “flash  bums”  is  very  great «  Those  indoors  in  he/ ivy  buHc’- 
ings,  surprisingly,  show  a  higher  incidence  of  injuries  than  those  in  aaiiivo 
Japanese  buildings.  Since  dost  of  the  injuries  T7ere  inflicted  by  glass, 
however,  and  the  concrete  buildings  have  nor©  ^ass  than  those  of  iiativ© 
type  the  explanation  of  the  pamdooc  is  dear.  Fusthersaore,  tliis  ratio  of 
injury  applies  (snly  to  noof^fatal  injuries  in  survivors  as  can  easily  bo 
seen  from  figure  11  (IQ^I) .  Here  it  is  obvilous  th-vt  the  total  raoitality  from 
inoediate  trauma  is  highbr  in  the  Japanese  buHdiags  tlion  ia  the  conorKoo 
bvdldings  at  the  sam  distance*  %e  reason  is  that  over  the  iilde  area  of 
3JE^act  the  Japanese  buildings  cdlapsed  frcsa  blast  while  the  concrete  build¬ 
ings  generally  retained  thcii’  struoturol  integritys 

Exactly  how  snuch  is  contributed  to  the  total  mortality  by  the  traumistic 
factors  vdll  never  be  knovsa.  Obviously  in  brick  and  concrete  buildings 
that  suffered  partial  or  cosapLete  collapse  the  mortality  v/aa  enormous.  In 
the  collapse  of  the  Japanese  btdldings  the  great  tree  beams  and  the  tiles  wore 
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the  usual  factors  -In  producing  injury  and  isi  trapping  the  occupant  e.  The 
iii?>ortaut  thing  is  not  so  much  the  actual  immediate  injury  aa  the  fact  that 
the  city  tog  sr/opt  by  fire  before  rescue  operations  could  be  inctituted* 
Consequently,  even  thou^i  mechanical  injury  tos  not  directly  responsible  for 
death,  it  probably  contributed  vastly  to  the  actual  mortality.  Particularly 
those  \jfao  had  suffered  concussion  or  fracture  or  who  had  been  rendered  help¬ 
less  by  severe  injuries  of  the  extremities  or  evon  those  who  were  merely 
pinned  beneath  the  vn^eckage,  X7ere  soon  lost  in  the  flames.  This  accounts 
for  the  low  incidence  of  the  severe  fones  of  injury  among  the  survivora. 

The  incidence  of  var^us  typos  of  injury 
ie  given  in  the  statistical  section  (Section  9).  In  one  group  of  patients!^ 
seen  at  a  Japanese  military  hospital  th(^  TOre  as  follows* 

Fracture  31  11*5.  per  cent 

Coirtusioa  51  53  cS  per  cent 

Iiacoration33  3A.7  per  coat 

Total  95*  100*0  per*  cent 

Lacerations  v;oro  tho  most  corasoa  foms  of  injury.  They  were  usually  in¬ 
flicted  by  glaes  or  occasio,nally  xrooden  splinters  or  metal  were  concerned. 

A  typical  source  of  such  ^aes  fragaents  is  muatrated  in  figure  24 
(•'Section  3H),  and  semo  typical  injuries  are  shoirn  in  figures  I  to  5, 
Clmractoris-blcally  the  lacerations  vrere  small  and  multiple,  bub  occasional¬ 
ly  heavy  fragments  produced  deep  incised  wbunds  (figune  3).  IVhen  the  fr£g- 
ments  were  small,  clothing  ms  oufficieao  to  protect.  This  proved  to  be 
-one  case  even  as  close  as  ICOO  neoors,  as  in  patient  Takatoni  (figure  1). 
^'VLppendix  /|1!,  Ref.  (l). 
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Hero,  although  tho  glass  did  not  ponotrato  tho  pationt*s  trousars,  it  strudc 
uith  sufficient  force  to  pierce 'fee  skin  and  to  produce  an  anexorysa  of  the 
radial  artery  (figure  2).  In  other  instances,  however,  at  conparablo  dis¬ 
tances  or  beyond,  the  glass  tras  projected  xjith  sufficient  force  to  penetrate 
several  layers  of  clotliing  (figure  5S).  Even  at  4  kiloaotors,  hovrover. 

Father  Sicraes  describes  hex;  the  glass  became  embedded  in  tho  opposite  v/all  of 
a  room  in  x;hich  he  vra.s  standing.  Probably  the  directness  of  impact  of  the 
blast  v;avc,  tho  initial  resistance  of  tho  glass,  and  other  factors  are  at 
play  in  dctermin5-n3  Hot/  luch  injury  ’dll  bo  inflicted. 

The  incidence  of  fractiares  in  sxirvivors  is  lox^,  It  was  only  in 
the  patients  studied  at  Hiroshirtia  hy  tho  Joint  Commission,  One  of  the  rare 
fractures  among  svanrivoro  is  illustrated  in  flipJre  5#  Such  lesions  did  not 
do  well  sinco  little  orthopedic  and  almost  no  phys:'cal  therapy  xrcre  applied. 
Most  of  the  injuries  of  this  type  irerc  inflicted  by  traum  of  the  heavy  roof 
beams  in  the  othen-riso  fragile  houses  (figures  20  to  22,  Section  3H), 

Coi anlications .  A  description  of  the  state  of  the  course  of  tho  lacerations 
in  patients  xrith  fatal  radiation  disease  is  quoted  directly  from  a  report 
of  the  TolQro  1st  Military  Hospital:  "Healing  of  xjounds  was  prolonged  aeix^ 
cident  T/ith  the  appearance  of  typical  symptoms  (of  radiation  effect) j  the 
granulation  tissue  became  anemic  and  odemtous.  It  bled  easily  or  becamo 
dry  boeduse  of  unusual  decrease  of  secretions.  The  borders  of  the  vround 
\TQTo  undermined  J  and  grox.’th  of  ^anulation  tissue  stopped  a3:M  no  tendency 
to  heal  was  ohox-jp.  In.  other  cases  the^  vraund  enlarged  gradxially  imtil  death. 
In  those  xrho  survived  tho  granulation  tissxio  improved  again  follox-ring;  re¬ 
covery  from  radiation  effect i" 
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Bacterial  Iiif cictions .  Little  diagnostic  bacteriological  work  ira-s  pcr- 
for 'ud.  In  a  groirp  of  3.69  injuries,  roulti-oLs  abscesses  developed  in  five 
and  erysipelas  in  thi'oc.  The  incidence  of  gas  gangrene  and  tetanus  is  un¬ 
certain, 

B,  Buppo 

The  burns  that  occurred  can  bo  clanbified  as  ’’flash,  burns”,  which  arcj 
the  results  of  the  direct  action  of  radiant  energy,  and  flame  burns.  The 
latter  are  relatively  rare  for  the  reason  that  it  took  some  time,  perhaps 
ono-half  hour,  for  the  fires  that  v;erc  started  follov^ing  the  blast  to  spread 
vrithin.  the  city  of  Hiroshima,  Those  idio  could  not  escape  were  burned  to 
death,  Some  patients  iroro  burned  by  flame  when  their  clothes  caught  fire. 

The  radiant  energy  covered  the  entire  v.ddth  of  t lie  spectrum  which  rc- 
senbled  that  of  the  sun.  In  this  section  the  band  above  that  of  the  gamcia 
rays  to  the  high  infra-red  vrill  be  considered.  This  includes  the  ultra¬ 
violet,  visible  light,  a.nd  infra-red  rays.  The  cjui-ct  intensity  of  these 
various  components  of  the  spectrtJm  cannot  be  stated,  Hone  of  these  has  a 
high  degree  of  penetration  so  that  auy  solid  object,  or  imder  certain  cir- 
cuustnneos,  even  leaves  or  cloth  v/as  sufficient  to  produce  a  sliadcHTlng  ef¬ 
fect,  Tinis  is  illustrated  in  a  series  of  photographs  (figures  6  to  24), 
Evidenco  of  shadoxj'ing  q/  human  foKns  is-  presented  in  figures  19  to  23 
where  the  otitlines  of  .iicn^  who  v/ero  in  the  .direct  line. of  the  rays,  have 
been  projected  upon  the  asphalt  of  the  Dantai  Bridge,  The  angles  of  the 
incidence  of  the  rays'  are  indicated  by  tlie  direction  of  the  shadows,  and 
thus,  by  trianguiation,  the  location  of  the  actual  airburst  of  the  ex¬ 
plosion  was  dctdaraiincd  (sec  figure  9  and  cmparc . figures  15  and  IS), 
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Only  sxirfaces  directly  exposed  to  the  rays  arc  affcctcjd  ty  thein,  and 
there  resii3ts,  so  to  speak,  a  "profile  burn."  This  is  particularly  striking 
in  a  case  of  such  objects  as  the  fruit  illustrated  in  figure  24  and  the 
p?itients  vho  -.dll  be  discussed  subsequently, 

j^atien  of  the  Flash.  The  dttration  of  the  flash  can  be  cstimted,  uitidn 
relatively  broad  liniits,  froii  data  at  hand,  Tlio  maxiiaun  duration  can  be  de¬ 
duced  from  tho  fact  tliat  there  rjas  sufficient  heat  at  the  Gokoku  Shrine, 

650  netors  fran  the  alrburst  of  tlio  o^cplosion,  to  alter  tho  surface  of  granite 
before  the  upright  shadov.dng  columns  had  toppled  from  tho  blast  (figure  7), 

The  sharpness  of  the  shadov/  indicates  tliat  the  peak  intensity  of  heat  had 
cxdsrtod  its  effect  by  the  time  the  coltmns  vjerc  knocked  over,  Assteming 
that  at  that  range  tho  blast  vfavc  Iiad  at  least  txdce  tlie  velocity  of  sotmd, 
it  arrived  at  tho  shrine  idthin  0,75  seconds^  Consequont^.y  this  is  the 
mrxlmal  period  of  action  of  the  heat.  The  mnimal  period  is  indicated  bj'’  the 
fact  that  some  patients  bad  t-ime  to  close  their  eyelids  before  they  noro  burned. 
It  is  estimated  that  this  process  talcos  approximately  0,01  seco:Kis,  The  brief 
euration  of  tho  blast  is  confirricd  ly  the  sixarpness  cf  the  shadous  of  such 

constantly  moving  objects  as  leavos  projected  upon  -.'ood  behind  them  (fig¬ 
ure  6), 

Most  of  the  heat  radiated  from  a  relatively  small  center,  but  double 
shadot’Ts  in  some  pj. aces  indicated  the  ■  existence  of  an  umbra— ponumbi^  effect, 
ihis  nas  been  ascritoa  to  a -"ball  of  fire,"  i,c,  a  relatively  large  mass 
of  material  emitting  radiant  heat  sufficient  to  iaroduce  changes  in  some  sub¬ 
strates.  \  ^ 

The  temperatxires  reached  at  various,  surfaces  are  of  interest.  They 
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depend  on  the  specific  heat  of  tJic  jaaterlals  concerned ,  In  the  case  of 
tlio  granito  of  650  'netirs  froiQ  the  bonb,  Japanoso  investigators  have  cs- 
tiiiiatcd  that  a  temporattaro  of  2000  to  2500°  centigrade  acting  for  apTrox- 
in^toly  one  second  was  necessary  to  produce  the  cl^ange  observed.  The 
wood  of  dark  colored  telcnhonc  poles  v;as  superficially  carbonized  at  3000 
meters  from  the  center,  SVom  tho  data  of  Asho  ajid  Hoberts’'  a  tomperature 
of  400  degrees  centigrade  acting  for  approjcl^iately  0,5  seconds  is  necessary 
to  produce  a  second  degree  burn,  Tho  exact  number  of  calorics  absor  xd  by 
various  stirfacos  exposed  to  the  borab  at  Hiroshiaia  are  not  exactly  Icnoim^ 
since  tho  duration  and  intensity  ci^rve  of  tho  heat  flicc  are  matters  of  con- 
jcctiaro,  ilevortholcssj  from  tho  effect  discussed  in  tho  proceding  paragrapih 
it  is  clear  tlxit  the  injurious  agent  vras  of  extreme  intensity  and  of  very 
S'lort  diaration. 

The  conditions  of  heat  absorption  at  approximately  3300  meters  vrore 
sufficient  to  result  in  socond  degree  burns  (erythema  and  blistering)  by 
t^ic  next  day.  In  co  pletely  eienosecl  individuals  at  closer  ranges,  secorKi 
or  third  degr^je  burns  v;cro  found,  Tho  morphology  of  tlie  burns  in  relation 
to  distance  and  the  influence  of  clothing  are  disciissod  later. 

Incidence  and  I^brtalitv.  Distance  and  shielding  iroro  among  the  deteninants 
of  the  incidence  of,  liurns  as  shovm  in  figure  3II  of  Section  9,  One  of  the 
notable  features  of  the  incidence  curve  of  those  la  the  "outdoors  unsliieldod” 
group  among  tho  20-day  piunrivcjrs  is.  tho- rise  that  takes  place  from  just  over 

*A8he,  ¥.  P. ,  and  Roberts,  L,  B,:  Experimental  Human  Burns  (Partial  Report), 

V/ar  iied.,  2i  82-83,  1945. 
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6o  per  cent  at  500  aetors,  to  aoproiciriiately  75  por  cent  at  1750  netors. 

This  doubtless  results  from  the  high  raojrtality  incidont  to  exposure  to  busnis 
close  to  the  bonb.  Thus  only  partly  sliioldcd  irdividuals  (vrho  thought  they 
were  unshielded)  are  represented  in  the  left  end  of  the  curve,  Prem  study 
of  certain  .grouos  it  is  apparent  ttliat  the  mortality  aaong:  those  out  of  doors 
irho  were  truly  unsliiolded  is  close  to  100  per  cent. 

Burns  wore  also  reroa.i'kably  coircnon  among  those  indoors.  It  can  be  as¬ 
sumed  that  since  it  ims  surcier  the  v/indous  in  many  houses  vrere  open.  Evi¬ 
dence  has  also  been  "resented  by  the  Japanese  tliat  burns  occurred  even  thi?0flBi^ 
\d.ndoT/-glass,  as  in  the  modern  concroto  building  of  the  Hiroshima  Post  Office 
Savings  Banlc*  at  1700  meters.  The  ’windows  in  this  building  are  illustrated 
in  figure  11  ’./ith  the  sliadot/ing  effect  produced  by  tho  frano. 

The  incidence  exanro  also  shovis  that  evon  in  the  "unshioldcd”,  bums  no 
longer  had  a  significant  incidence  beyord  4000  meters.  Beyond  3000  meters 
few  burns  required  treatment,  and  thoy  ixorc  merely  mnifosted  in  erythema 
•rithout  vasiculation. 

Accurate  information  is  available  from  several  sources  concerning  mor¬ 
tality  from  bums  among  those  in  the  direct  path  of  the  radiant  energy 
from  the  bomb.  At  750  meters  all  51  of  a  group  of  girls  of  the  Ilijlyama 
High  School  died.  They  vror©  at  morning  ceromony  near  tho  Smpei’or’s  tree 
at  Chugoku  Headquarters.  At  1000  motors  only  10  of  a  cjroup  of  193  uorkors 
from  Otrico  Village  survived  (mortality  94,7  per  cent).  This  is  comparable 
to  that  of  a  large  ntciber  of  school  children  v;ho  were  out  of  doors  removing 

^^Appendix  4H,  Ref.  (1) 
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debris  from  an  area  that  had  been  cleared  for  firebreaks  (figure  9  (lOH)  ). 

At  2400  meters,  the  only  other  point  at  which  acctarate  data  is  avail¬ 
able,  the  mortality  in  a  large  number  of  persons  who  were  burned  on  the  Koi 
Bridge  was  under  2  per  cent  (See  Section  lOH,  Mr,  Hino*s  group  of  the 
Otake  Workmen's  Party), 

An  observation  of  great  interest  made  on  Hiroshima  school  children  is 
that  the  mortality  in  the  large  esqposed  group  fell  only  slightly  (to  83.7 
per  cent)  up  to  2000  meters,  and  then  beyond  this,  fell  precipitously  (fig¬ 
ure  9,  Section  lOH),  to  14.5  per  cent.  This  sharp  drop  is  probably  associat¬ 
ed  with  a  decrement  in  two  factors,  a.  the  lethal  effect  of  the  thermal 
injviryj  b,  the  injurious  effects  of  the  gamma  rays,  that  at  least  indirectly, 
through  the  resultant  infection  and  leukopenia  in  exposed  persons,  influenced 
the  burns . 

Treatment  and  time  of  Death.  Several  records  are  available  concerning  the 
time  interval  between  exposvu:*e  and  death  in  the  burned  patients.  Such  records 
are  significant  only  when  they  have  reference  to  the  particular  group  at  a 
known  distance  from  the  center.  In  the  case  of  the  51  girls  from  Hijiyama 
High  School  the  mortality  curve  is  as  follows; 

TABLE  2 


HIROSHIMA  -  MORTALITY  STATISTICS  OF  HIJIMMA  HIGH  SCHOOL,  GIRLS 


Group 

Date  and  Day.  =  • 

6  Aug, 
(1) 

7  Aug  . 
(2) 

8  Aug  . 
(3) 

9  Aug. 
(4) 

16  Aug. 

"  (5)  C 

11  Aug. 

: .  (6) 

12  Aug. 
(7) 

1 

2  ' 

;;  -6r' " 

6 

6 

2 

3 

1 

2 

8 

9 

3 

2 

2 

0 

1  &  2 

10 

7 

15 

9 

4 

5 

1 
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In  G  groun  undsr  treafeient  at  the  Xaneyaim  Hospital,  v;ho  had  rocoived 
burns  at  a  distance  of  approxinatoly  1  kilonotor,  the  peak  incidence  of 
deaths  ms  on  the  fourth  day  (11,9  per  cent).  Fifty-three  and  one-tenth 
per  cent  died  vrithin  the  first  vjeek,  and  75  per-cent  of  the  total  wit’iin 
two  weeks.  Statistics  to  be  proseated  later  show  that  there  is  another  peak 
in  deaths  in  the  third  and  fourth  weeks  vrhen  'bha  radiation  effects  vto  at 
their  greatest, 

Effect  of  Radiant  Energy  upon  the  276.  Direct  injuries  of  the  eye  vrere  ro- 
narkably  fetj.  Colonel  Vomo  Ifcson  intorvievred  the  Japanese  aptehalHologist 
Talcahisa  Oguchi  at  ICaijinkai  Hospital  at  Kure.  Only  referred  case.s  load  l^een 
sent  to  this  ophthalnologist  vrho  had  exaoined  between  20  and  30  fundi.  Ho 
had  seen  o’lly  4  or  5  palpebral  btirns.  The  vshadowing  effect  of  the  siinra-orbital 
ridges  and  th.a  blinic  reflex  helped  to  explain  this  finding.  The  effect  of 
rapid  closure  of  the  eyes,  as  doiaonstrated  in  fignire  41»  probably  helped  to 
nrevent  serioiis  injury,  Aliiost  aJl  of  the  n£,tients  had  had  a  to-nperary 
aj;iblyopia.  In  no  case  in  t'"'a  experience  of  this  physician  did  this  e^rceed 
a  duration  of  five  mnutos,  Ti/o  pationts  had  had  conjunctivitis  and  keratitis 
ro suiting  fron  eicpostire  to  the  blast.  The  patient  illustrated  in  fig-ore  25 
is  \inusual  on  accotuit  of  the  long  duration  of  tho  koratoconjunctivitis. 

There  was  only  one ''pationt  with  a  ipermnent  scotona  frora  v^erf oration  of  the 
:nacula.  There,  were  tixpee  patients  k&lo  had  liad  a  central  relative  scotona 
vrith  Gorsnotio  retinea  axid,;  opacities  (Bor linsche  Triibungon)  about  the  ;,-iacnla 
who  recovered.  .  Two  iTatiehts;  eadiibi ted'  prolapse  of  the  iris  'aid  a  traunatic 
cataract  following  contusions  of  the  eyeball, There  ’.-ras  only  one  who  had 
a  baiid-shaped,  .horizontal,  oqmtoriul  btirn  of  tho  cornea, 


The  srouo  fror:  the  Tolcyo  1st  Ivalit^^Ty  Hospital  imrostigntGcl  132 
patients  fundiscopically  between  t!ie  mddle  and  t.’ie  end  of  September. 
Tiirty-two  of  tne  mtionts  had  other  evidoncos  of  radiation  effects.  In 
all,  300  patients  wore  questioned  ajid  less  carefully  oxaminod.  One  case 
was  fouiid  to  lia.ve  a  cataract  and  diaished  visual  acuity.  A  slight  re¬ 
duction  in  the  transparency  of  the  cornea  was  observed  in  some  :aen,  but 
the;,  Iiad  no  subjective  difficulties. 

One  patient  was  so  blinded  by  the  flash  tJiat  he  was  unable  to  dis¬ 
tinguish  light  fro;.-i  dark  for  ap;aroxiraatoly  tJiroe  days,  but  he  recovered 
vision.  There  vjas  some  slight  o;oacity  of  t'le  aiiterior  and  posterior  sur¬ 
faces  of  tno  Ions  in  that  case,  Sight  patients  in  the  group  load  hemor¬ 
rhagic  flecks  or  white  spots  thouglrt  to  bo  organised  nctechiae.  Those  vrore 
considered  to  be  associated  with  the  aplastic  anemia  of  radiation  effect 
ana  are  part  of  a  more  ger,’.eral  disturbance  tha.t  will  bo  di.scusscd  below. 

The  injuries  observed  in  a  group  of  survivors  are  tabulated  in  Section  9, 
Burns  of  the  Skin.  Since  the  intensity  of  radiations  of  the  wave-length 
of  ultraviolet  or  higher  varies  inversely  v-ith  the  square  of  tlio  distance, 

It  would  be  Gscpccted  t::iat  proportional  daniige  to  the  skin  irould  result.  As 
it  nappens,  among  the  srirvivors  the  btu*ns  were  greatest  not  only  in  inci¬ 
dence,  but  also  in  severity  at  about  1500  to  2000  meters.  This  again  implioo 
that  only  those  vho  were  slightly  burned  at  distances  closer  to  the  center 
than  1500  meters  survived.  Hovcrtholess,  a  few  illustrations  are  available 
of  persons  tAio  hovo  boon  <pcposcd  directly  to  the  rays  close  to  the  point 
above  which  the  bomb  aicploded.  ^ 


-15-  (5H) 


97 


There  is  evidence  of  the  slcin  Iiaving  attained  a  very  high  temperature 
xor  a  v^ry  brief  perioa.  Tliis  is  indica.tGd  in  a  severe  bi^rn  by  dehydrat¬ 
ion  or  even  cliarring  of  the  outcruost  ports  of  the  skin  vith  relatively 
little  destmetion  or  oven  ode:, to  of  t’io  underlying  tissue  (figures  29  anxi  30) . 
Only  tnose  parts  that  faced  the  bonb  irero  directly  exposed,  to  the  rectilinear 
rays  and  consequently  :.urnod.  This  results  fron  the  relatively  slight  penc- 
trating  power  of  the  danaging  agent  t’lat  lias  been  nontioned.  Thus,  there 
are  re:aar.1cr.ble  ''i:jrof;Llo  burns"  v/hoso  ;Wgins  sharply  delineate  the  surfaces 
that  faced  tho  explosion  (figures  28,  34,  and.  35),  The  natural  promontories 
of  the  body  such  as  the  nos.^,  sui:ira-orbital  ridges,  and  jau  also  effectively 
shaded  mxts  of  the  face  and  neck  (figures  26,  38,  39,  and  49).  Hats  and 
clothes  also  offered  jxartial,  and  often  co-ipiute,  protection  as  v.dll  bo  discuss¬ 
ed.  For  the  orosent  it  i^ll  suffice  t.:  inspect  in  the  photogra^Dhs  the  sharp 
outlines  of  the  covered  parts.  In  figures  26  and  33  are  shown ‘the  effects 
of  shading  by  tho  hoadgoar  a!id  by  the  collar  linos. 
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Parts  Involved.  As  is  to  bo  csq^octcd  ftoii  tho  statovi&nts  jiist  mde,  tho 
exposed  pjarts,  osiTOcially  tho  face  and  hand.s,  werG  'nost  frequently  involved, 
the  shoulders  a.nd  deltoid  regions  often,  <'iid  the  abdoacn  and  chest  iroro  re¬ 
latively  rarolj'’  btirnod.  The  hair,  ospocinlly  in  ’/omen,  usually  protected  the 
scalp,  particularly  in  those  closer  than  2500  racters.  Burns  sonctlnos  oc- 
cuiTod  beneath  tlio  clothes.  The  factors  goai^orning  this  arill  be  discussed 
beloi;. 

The  deepest  burns  a/orc  soraotiraes  associated  irith  darar.'':e  to  the  cartilage 
of  the  car  •dth  "  catalifloirGr'’  deformity,  as  illustrated  in  figures  A.B  a:id  49. 
These  patients  a;ere  usually  uithin  1500  laeters.  Bacterial  infection  of  the 
substance  of  the  aur3.clo  contributed  to  tho  chondritis  in  laany  instances, 
XTiediate  Syriotoas.  The  sj^ptons  associated  v/itia  the  bairns  varied  from  case 
to  Casa,  but  toiaded  to  follow  a  pattern.  In  those  ejcposed  at  approxiiaataly 
1000  meters,  vesicles  tended  to  appear  more  promptly  than  in  those  ftirther 
e.vEiy.  Thus  in  patient  Waiaba  (figure’  J^)  and  in  natient  Fuchimoto  (figure  4S) 
both  ixiiii  and  blisters  arore  apparent  within  five  rainutos.  In  patient  Sane 
(figure  49)  the  blisters  a,ppearud  alnost  at  once,  but  there  was  no  pain  until 
the  ncjcb  day. 

At  1500  meters  in  pabient  Basomoto  (figure  31)  pain  appeared  in  ta;o 
hours  tirae,  but  blisters  arcro  not  observed  iuitil  the  next  day. 

At  2000  meters  in  patient  Mshizulci  the  pain  did  not  appear  until  tlireo 
hotiro  had  passed  and  blisters  v;cre  not  noted  until  after  ten  hours. 

In  nono  patients,  hoarover,  as  in  Ya.hagida,  there  aras  vesicvilsition  '.•itla- 
in  ten  minutes,  oven  at  2000  meters, 

Beyond  3000  racters  many  patients,  sustained  only  first  degree  burns. 
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'oteose  agnapfcoms  aad  coxarse  reseshled  those  of  ism:^vszi^  except  that  eiyfchejaa 
tiae  usually  asoy©  quicldy  obsei’V{^« 

There  xTcre  eacceptions  to  all  the  sfcatcaieats  mdo  in  the  preceding 
paragraph*  The  pain  in  Jaost  cases  lasted  ooly  a  fei?  hours  and  there¬ 
after  the  hums  were  aJ^otrt  painlecs* 

Healing*  Host  aurviTTors  had  second  degree  buj.'ns  or  second  degree  busns  uith 
small  areas  uhcre  the  destruction  of  the  skin  ms  coffiplete*  The  facSj,  in 
contrast  uith  the  neck^  x^ere  the  skin  is  thinner^  showed  less  scarring^ 
since  the  epidesmls  Is  thicker  hero*  Such  eux  effect  is  illustrated  in 
figures  2B  and  l}$»  Scarring  with  erntraettupes  about  the  joints  was  rare* 
Since  aosb  bums  were  of  second  degree  or  less,  healing  was  usually 
rapid  and  to<d£  place  within  fom’  weeks* 

A32.  of  the  bums  of  second  degree  or  worse  became  infected,  and  in 
some  the  bacterial  agent  destroyed  portions  of  derasa  that  had  not  been  in¬ 
jured  by  the  jarijjjaiy  boms.  This  was  especially  true  in  the  patients  with 
rediatixm  effects  in  Tdtom  healing  was  delayed*  Some  bums  had  not  healed 
by  the  tine  the  Ccaamission  left  Hiroshima  (l  Dec(niber  1945)  ^  althou^  the 
patients  had  long  since  recovered  ivom  loxdcqpenia*  In  seme  instances  there 
me  the  question  of  i^ether  some  direct  effect  of  the  gajSBua  or  associated 
radiation  may  have  affected  the  healing* 

Keloidal  Changes*  Overgrowth  of  sear  tissue  was  observed  frequently  and 

sometimes  ms  OKtreme  in  patients  such  as  Akamatsu  (figures  46  and  47)* 

According  to  the  Japanese  physioions,  however,  the  incidcaooe  of  keloids 

* 

ms  not  greater  than  in  bums  of  other  causation  in  this  race* 

Treatm^t  was  primitive  and  the  patients  rcceix^cd  little  more  than 
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dressings. 


Supporfciva  the?av:5i‘  in  the  rr&Y  o£  fluids 


and  transfusions  es¬ 


pecially  deficients 

at  ion .  ianoag  the  strikisig  features  of  the  bums, 
were  the  changes  in  pipientation.  In  those  receiving  second  de^ee 

bu^  the  pigmentation  ;7as  extr^e,  ressaKLing  that  of  a  deop  tralnub  stain 
over  the  entire  curface  of  t;:e  bum.  The:  pi-gaeatation ospeci^y  deep  and 


diffuse  in  patients  liio  had  been  at  a  distance  of  approxinate3.y  2500  zueters 
fx'csi  the  DOjDbjj  as  had  the  gfoup  of  villagers  from  Otake  on  their  TEiy  over  the 
Koi  Bridge  (See  Section  lOB).  \mea  this  group  of  more  than  300  people 
7?as  foregathered  in  the  asscMsly  haJ.!  of  the  village  school,  the  unifoisaity 
of  the  dark  "  mask  of  Kiroshhna"  tsss  strilcing.  E<rae  of  these  peojiLe  hoiiicver, 
had  suffered  deeper  destruction  of  the  sdcisi  vrf.th  resulting  scarring  tdiicii  tob 
probably  producer  by  anfection.  A  group  of  sacn  tAio  had  been  prisoners  in 
the  city  jaH  (2300  meters)  had  the  same  deep  chocolate^colored  ma^-  (figures 
3S,  41,  42;  see  also  figure  26) . 


Those  bums  were  preceded  by  an  intense  erythema  which  vrithia  a  few  days 

f 

became  increasiiii^y  pigaented.  Ejitemally  of  the  I'yperpigmefltcd  area 


has  a  sharp  border  is  found  a  aone  whey©  thore  ie  even  leas  pi^aent  in 

the  normal  sJdn  with  \*ich  it  merges  imperceptibly  (figure  433  see  also  figures 
26  and  27,  at  the  lower  borders  of  the  burnt  areas)  .  This  zone  of  dopigmetA- 
ation  perhaps  repro.'seats  an  TJirich  some  a^ajiophores  have  abandoned  to  enter 
the  hsrperpigmented  tiseuo.3.  The  pigment  had  begun  to  fade  approoisHy  only  in 
a  few  cases  in  three  end  cnc""l2a3,f  months. 


.  In  patients  Tdio  had  darl:  sidns,  the  dblor  of  the  burned  zone  was  even 
darker  than  in  the  otherrs.  Ji'urihermorc,  ti:.oir  natural  hyperabu-ndanc© 
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of  pi^ent  semai  to  have  given  thaa  siore  protcxition,  since  the  akin  diov/a 
less  tondsacy  towards  depigaoitation  vjhen  thi^  liad  been  dose  to  the  boEib. 
Patient  Takoaoto,  burned  at  1400  netore  (figures  36  and  37)  is  an  esectL- 
lent  eocaaqxLe*  Contrariwise;,  in  very  light-aldimed  Japanese,  pigsentation  also 
traded  to  be  faint  (figure  45) « 

Dtpigcientation  of  the  exposed  skin  occuri*ed  regularly  at  any  dlatanoe 
less  than  20(K)  Ecrters  (and  cccaoioiially  at  greater  distance)#  It  t»a  not 
necessarily  associated  with  scarriirg  of  the  skin,  but  occurred  in  healed 
second  degree  bums*  There  was  also  histologicai.  evidence  that  loss  of  pig- 
sisnt  in  the  basal  layers  can  occur,  even  though  the  «^itheLitaa  of  the  surface 
is  not  destroyed.  At  the  lEargias  of  the  d<^>i^enbcd  sone  is  found  a  bronzed 
or  narrow  band  of  increased  pigpientation,  externally  of  vfhich  there  is  again 
a  vaguely  defined  depigmented  border  which  has  been  nentioned  previously* 

Soce  typical  exa&i^es  are  shown  in  figures  2$,  31;>  34  and  44*  it  is  interest¬ 
ing  to  note  that  a  pigaented  nevus  in  one  such  zone  retains  its  color  (fig- 
um  £4)«  in  i'be  same  patient  'asqjosure  to  cold  dezuonstrates  that  the  e3?ector 
pilorm  stusdes  have  not  been  damaged  since  there  is  goose  fle^i  in  the  de- 
pigaented  area  to  the  same  astent  as  in  the  CQm!l.cteIy  undamaged  sldn. 

Bums  throu^  clothing  tended  to  be  much  less  severe  in  some  instances 
idiere  the  exposed  skin  suffered  severe  enou^  damage  to  become  scarred. 

That  portion  of  skin  wliich  ^?as  covered  by  doth  merely  became  dz^i@nented 
(figure  ^),  or  in  seme  instances  suffered  even  less  aeverdy  as  evidenced  by 
diffuse  hyperpigaentatioa  (figures  35  aiad  55) »  This  indicates  that  the  rays 
producing  the  bums  can  penetrate  doth  to  a  certain  eaaent* 
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Etiolo^ssr  of  the  bums.  Cortain  feature  of  the  burns  suggest  the  action  of 
specific  vreive  lengths,  'perhaps  in  the  ultraviolet.  The  intensity  of  the  pig¬ 
mentation  in  tlio  very  mild  second  degree  burns  ns  seen  at  2500  meters,  and  the 
sharply  demarcated  and  e:rtrorac  depigaentation  irithout  destruction  of  the  skin 
closer  to  the  bomb  v/as  certainly  unusvinl  merely/  as  a  resixlt  of  thermal  injury. 
It  must  be  remembered  that  a  relatively  small  quantity  of  air  i  ntervened  be- 
ti/ocn  the  eatients  and  the  bomb,  in  comparison  vjith  the  entire  atmosphere  and 
stratosphere  which  filter  out  much  of  the  ultra-violet  of  the  sun.  The  diverse 
effects  upon  tho  skin  of  specific  bands  in  the  ultra-violet  have  recently  been 
pointed  out  by  Blum  and  Torus, ^  ivuch  is  still  to  be  learned  concernin  :  the 
action  of  high  intensities  of  ultra-violet.  The  complexity  of  the  sun’s 
spectrum  and  the  influences  of  filtration  occasioned  by  elcvetion  of  the  sun 
above  the  horizon  Iiave  been  summarized  by  Blura,’'^^^  It  is  most  tonlilccly  that 
gamaa  rays  were  responsible  for  the  sharply  outlined  pigmentary  phonamena  that 
have  been  described,  since  clothing  ’.;ould  be  no  barrier  to  their  action. 
Protective  Effect  of  Clotliing.  Clothing  exerted  a  protective  effect  depending 
on  a  scries  of  intcrro?.ated  factors  that  include,  (l)  distance  from  the  bomb, 
(2)  color,  (3)  tightness  of  the  clothing,  (4)  thickness  and  number  of  layers. 
Those  factors 'will  be  discussed  soriatiin, 

Bistance ;  It  can  be  stated  in  general  terms  that  bTxrns  beneath 
clothi'ng  trere  rare  beyond  2300  meters.  Of  importance  also  is  the  fact  t3iat 

'''■Blxffii,  H.  F.  and  Torus,  VJ.  S^:  Studies  of  Sunburn.  Inhibition  of  Erythema 
by  Larger  Doses  of  Ultraviolet  Radiation.  U.  S.  ilayal  i-tdisal  Research 
Institute,  Research  Project  X-108,  Report  No.  3 

■''■"'Blum,  H,  F.s  Tho  Fnysiological  .Ififfecto  of  Sunli  :ht  on  Ifen.  Physiol,  Rev, 

2^:  i:.83-530,  1945. 
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a  Miaki  tmifom-coat  and  ahis-t  worn  together  wer>e  protective  beyond  1500  metersa 

Closer  to  the  boa&  dothoe  ncre  of  litclo  protection  (figure  29)  *  Par¬ 
ticularly  vhm  of  dark  cdorj  clothes  iia  soae  instoitce  aettufUy  cau^t  firo 
so  that  flames  had  to  be  beaten  out  xTith  the  hands*  This  yiae  proved  b^oad 
peradventux©  for  in  some  circumstances  there  were  no  adjacent  objects  from 
nhich  fire  could  have  ^read  to  the  clothes*  Sesae  clothes  smoldered  and 
charredj,  and  others  \7ere  merely  'scorched*  /dl  of  these  effects  on  the  clothing 
were  observed  as  far  out  as  2500  meters,  Vihm  the  clothes  cau^t  fire  the 
bttxns  trere  tx-uly  flcaae  burns  andwere  among  the  moot  sever©  that  were  en¬ 
countered  the  Cojasiission.  3ii  genera]^,  however,  as  has  been  discussed  above, 
burns  beneath  the  clothing  were  less  severe  thm  upon  the  osmosed  parts*  It 
is  possible  for  "flash  buTO.s"  to  occur  beneath  entii’ely  intact  clothing  (e«go, 
patient  Maebaorai,  Case  No.  O-03S8«P}a 

Color  and  Shade*  The  darkest  shades  abso2:bod  very  much  more  heat* 

The  effect  of  selective  absoxption  at  2300  meters  is  strikinsLy  shovsi  in 
the  ease  of  Japanese  rice  paper,  vfhere  the  black  print  had  bemi  oon^ctdlsr 
burned  out  (figure  50}*  Simiilar  effects  occurred  between  1500  and  2000 
meters,  also  in  the  case  of  aLothes*  The  rdaticn  seemed  to  bo  to  darimess 
of  Steide,  rather  than  to  color* 

At  1600  meters  in  the  case  of  a  white  royon  shirt  with  a  pattern  of 
dazic  blue  pdka  dots  2  millikebers  in  diameter  and  one  centimeter  apart, 
the  poUea  dots  were  burned  in  the  line  of  the  rays*  Other  pdka  dots  were 
partly  scorched  (figure  51)*  The  difference  in  intensity  of  effect  piobobily 
bore  rdation  to  the  an^e  of  incideaco  of  'the  rays*  i^is  patient  sustained 
bums  of  the  chest  beneath  this  gament* 


At  1700  deters,  in  a  rayon  slalrt  irith  a  pattern  of  blue-black  stripes 
oao  millimeter  ’.ride  alternating  v.dth  light  gray  stripes  appro:dLiiiataly  tv/ice 
that  width,  the  darker  material  imis  deeply  scorched  irhere  the  folds  of  tlio 
garment  had  caught  the  rays  on  the  side  away  from  the  bomb  (see  figure  52), 

On  the  projiimal  side  some  portions  of  the  r.'hite  material  v'cre  also  charred  and 
there  were  third  degree  burns  of  the  skin  of  the  thorax, 

Ejrtrcmely  interesting  is  the  effect  upon  cotton  cloth  i;ith  a  flowered 
pattern  on  a  light  pirfle  background.  The  flovxers  wgtc  dark  rod  roses  with 
leaves  of  varying  oliades  of  green.  Some  of  the  flowers  i;ere  entirely  burned 
out,  others  showed  scorching  on3.y  of  the  darker  portions  of  the  leaves  a.nd 
petals  (figiTO  53  ai^  54).  The  burns  of  the  patient's  left  arm  at  first 
corresponded  -.dth  the  burnt  out  flowers,  but  they  'lad  ultimately  become  confluent 
on  account  of  inf'ection,  aiid  b;r  the  time  she  imis  seen  the  Commission,  haal- 
in.g  was  comn}.ete,  In  one  mtient  observed  and  photographed  by  tiue  Japanese 
;Podical  officers  of  the  Tokyo  First  lalitary  Hosoital.,  the  pattern  of  the  dark¬ 
er  stripes  vKis  reproduced  in  burns  of  the  skin,  as  illustrated  in  figvires  55 
and  56,  Unfortunately,  the  distance  is  not  recorded  in  thjs  case, 

3.  Tightness,  VJhoro  the  clotliing  \ras  raorc  tightly  stretched,  burns 
were  much  more  likely  to  occur.  This  is  v/ell  brought  out  by  a  study  of  figures 
57  ard  5S,  Over  the  scaptilar  and  deltoid  regions  of  a  patient  (\;ho  ms  at 
1200  meters),  the  bums  bore  relation  to; the  charring  of  the  kimono,  but  where 
the  sloove  ’®s  baggy,  as  in  relation  to  the  lower  part  of  the  upper  arm,  there 
were  no  burns  of  the  skin,  although  charr5.ng  of  the  cloth  had  occurred.  Other 
exaiaplos  showing  particular  effect  on  the  deltoid  region  are  ohoTm  in  figures 
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2S  and  on  tho  ocapv-lD  in  figure  31*  a^id  on  Iho  pectoral  region  iii 
figure  kDo 


i;.*  Thiclaiess  ai?.d  HviTbox*  of  Layero*  The  effect  of  the  nurlifer  of  layors 

*  Oiiin  I  >  irritr  1  mirniiTiir  Tffi  cr  1 1  ~  ii  f  r  -i-~r  TTTn-'ii  -'ftir~~Ti 

is  shoTOQ  in  figure  32*  Balo^y  the  Wiine  of  the  neck  produced  ty  tho  open 
shirty  tho  d-cin  is  intact  ’idsore  the  collar  is  folded  over^  but  tofjrard  the 
ri^it  the  vo3X  of  the  chcrfo  is  bu3Kicd,  in  part  to  the  third  degree,  through 
the  sin^o  layer  of  doth* 

The  protective  effect  of  tho  Bca:ns,  v;hero  the  sleeses  Join  the  boc3y  of 


the  ganaent  and  the  cloth  ia  isi  a  thick  roll,  is  etrikinsLy  shotm  in  figures 
k6  and  uiiore  also  the  straps  of  tho  laadergaxaents  supplied  an  additional, 
and  adequate,  layer  of  protective  matGriaL* 

Smsmjsjn  "Flash  bums”  in  Uiroshina  occurred  up  to  a  distance  of  4500 
meters  (2  1/2  miles)  but  raraLs'^  uas  there  vesiedation  of  the  skin  or  nece¬ 
ssity  for  treatment  of  patients  uho  had  been  beyond  3300  meters.  The  bums 
Tsero  of  "profile"  type,  since  only  ourfacoa  dix'octly  in  the  rectilinear  path 
of  the  rays  uere  affected.  There  is  somo  evidence  that  specific  portions  of 
the  spectiTM  accounted  for  the  peediarities  of  pi.3aentation  and  depigaeat- 
ation  that  'irrere  observed.  There  uas  histological  evidence  that  the  latter 
could  occur  Tdthemt  destruction  of  the  squmsous  epitheliusi  of  the  surface. 
Depi^entation  uas  preaninent  in  patients  dose  to  the  center,  but  there  uas 
a  marginal  aone  of  pigEentation,  Pigmentation  vjas  pr<adnent  beyond  2000 
meters  and  reprosonted  the  minimal  residual  effect  of  the  rays.  Clothee,  .pa3>- 
ticdarly  when  light  in  color  and  several,  layers  in  thicloiess  and  \dien  loosely 
worn,  offered  soms  measure  of  protection,  especially  b^end  2300  meters. 
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G*  HADLiTIOW  INJURY 


Hatrro  of  t  ie  In.iurions  Agent.  Durilng  and  limaadiately  aftesr  the  nuclear 
fission  by  irhioh  the  ato~iic  borab  is  distinguished  from  all  others,  there 
were  Tjroduced  gant'Xi  rays  ard  neutrons,  as  ^rell  as  other  radia.tion  wiiich 
coiCLd  not  have  reached  the  sxirfaco  of  the  earth.  Some  of  the  neutrons 
gave  rise  during  their  passage  through  tlie  gases  of  the  ataujsphere  to  ad¬ 
ditional  gcaiJia  rays.  Upon  striking  the  surface  of  the  earth  artificial 
radioactivity  was  set  up.  Others  encountered  the  hunan  target  in  their 
paths,  but  probably  not  beyond  1000  cjetors  from  the  point  atiove  which  the 
bomb  cnq^loded.  Some  of  the  fission  products  were  carried  \/ith  too  pre¬ 
vailing  idnds  to  the  southtresterti  parts  of  the  city  aixT  its  environs  vrhere, 
near  tho  villages  of  TaJeasu  and  Furuc,  they  were  deposited  b;',''  a  rainstorm 
that  fell  some  throe  hours  after  tho  bombing,  Thtis  there  are  four  possible 
sources  of  damgo  to  the  body  by  radioactivity, 

1,  By  deposited  fission  products.  Their  existence  v;as  damonstrated 
chemically,  but  they  vrerc  deposited  in  too  lo\j  a  concentration  to  do  more 
than  perhaps  temporarily  depress  tho  white  co\int .  in  some  individtials,  Tho 
subject  is  discussed  in  action  2  and  in  the  appeidix  of  section  4H 
(Raforence  1),  Tho  well  mtor  at  Taliasu  tos  tested  by  :^of©ssor  Shinohara 
on  2  Wovambor  1945,  and  was  found  to  be  completely  inactive, 

2,  By  indu.ced  radioactivity  beneath  the  bomb.  This  iras  of  an  order 
so  lov/  as  to  be  ineffectual  in  dmaaging  human  beings  who  came  to  v/ork  near 
the  center.  This  was  attested  by  studies  of  the  Ishlauka  Unit  as  presented 
in  Appendix  4H  (Reference  1), 

f. 
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3.  By  gatnma  rays, 

4,  By  neutrons  striking  tho  body  directly, 

Tho  jast  tvro  iroTC  the  iaportant  factors  in  producing  tho  radiation  ef¬ 
fects,  It  Is  not  the  purpose  of  this  section  to  discuss  the  energies  con¬ 
cerned  nor  the  dosage  received  by  the  various  tissues,  but  merely  to  present 
in  an  objective  roanner  the  clinical  observations. 

In  this  and  succeeding  fsaragraphs  appears  an  account  of  the  most  im¬ 
portant  signs  cjid  symptoms  of  radiation  effect,  together  witia  a.  statement 
of  the  comonest  clinical  syndromes  observed.  The  interrelations  of  the 
var:‘ous  symotons  in  their  i-olation  to  shielding  and  distance,  is  the  sub-  , 

jeet  of  the  statistical  analysis  in  Section  9, 

Incidence  and  Ifortality.  Before  discussing  the  incidence,  the  csritcria  of 
"radiation  effect"  must  be  defined.  Clinical  criteria  ’^ased  chiefly  on  the 
presence  of  eeilation  or  purpura  \7ere  employed  for  reasons  that  are  discuss¬ 
ed  in  Section  9.  In  that  section  arc  contemplated  survivors  ’.;ho  lived  for 
longer  than  tx;enty  clays  after  the  bombing.  The  clinical  criteria  mentioned 
do  not  tisually  appear  for  at  least  tuo  v/eeks. 

Had  it  been  possible  to  doter  Ino  the  leukocyte  counts  in  an  adequate 
sample  of  the  population  at  close  intervals  of  tine  after  the  bombing  "radiat¬ 
ion  effects"  based  on  the  criterion  of  leiiJcopenia  \;ould  probably  have  been  re- 

3 

cognised  in  a  higher  percentage  of  people  and  at  greater  distances  from  the 
center.  The  incidence  of  radiation  effect  is  seen  to  fall  off  very  sharply 
beyond  1250  raotors.  The  shielding  effect  of  heavy  b\xildings  is  indicated  in 
Soction  9  and  more  spocificrdly,  in  Sections  lOH  and  U.H, 
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The  mortality  from  radiation  effects  Is  knenm  for  sevoral  specific  con¬ 
ditions:  (l).  At  tho  Bahlcors*  Club  (250  netors)  there  wa.s  only  one  survivor 
aiaonj  nine  who  load  :ainor  or  modoratoly  severe  injuries  and  no;  burns  j  all  had 
cl5.nical  evidence  of  severe  radiation  affects  as  discussed  below.  Among 
fotrteen  othoro  there  vras  only  one  x-zho  survived  and  most  of  these  patients 
had  second  degree  burovS  of  the  face  or  esstre-fities,  or  both.  The  average 
shielding  effects  of  the  walls  and  coiling  of  this  building  are  equivalent 
to  from  65  to  241  inches  of  vsitor  (Section  IIH), 

At  1000  meters  men  protected  from  btams  by  interposed  Japanese  buildings 
and  othanvdsG  Uninjured,  show  a  mortality  of  5o,5%  (Section  lOH,  p,  17, 

Otalce  Group),  In  contrast  vlth  tliis  is  the  ivcll  established  observation  that 
deaths  iVom  radiation  effects  in  concrete  buildings  beyond  1000  meters  are 
ex-tromely  rare  in  Hiroshiz'm, 

Those  specific  points  of  reference  are  the  only  ones  availabj.c  for 
Hiroshima.  They  do  not  supply  infovuiation  as  to  how  many  individuals  died 
from  radiation  effects,  but  merely  indicate  the  mortality  rrom  radiation 
under  the  conditions  specified,  if  there  had  been  no  other  injuries,  Tlie 
effects  of  tho  radiation,  however,  doubtless  contri.butod  to  the  94,755  mor¬ 
tality  of  'individuals  comnletsly .unshielded  at  1000  meters  (See  Scebion  lOH), 
and  to  that  of  other  persons  p./ithia  1500  meters  i;ho  had  infected  traumatic 
or  thorial  lesions.  ■ 

The  time  of  death  from  radiation  effect  depends  on  exposure.  Thus  at 
the  Brnlcers*  Club  the  peak  camO  bett^reen  the  ninth  and  tenth  day  after  tho 

j 

bo'cbing  (table  3),  The  porsoiinel  at  the  Second  liilitary  Hospital  (800  -  900 
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Table  3 

HaroshijES  ~  Mortalrfcy  Sfca^.i0fcics  c?  Forsonniil 


at  Bankers’.  Club  (250  jseters) 
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Table  4 

Hiroshima  -  Mortality  Statietixjs  of  Persozmel 
At  Hiroshima  Second  Militasy  Ho^ital  (8(X)«900  meters) 


Day  and  Date 

1 

8 

o 

xO 

j  |»  i  §) 
C^<  < 
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(16»25) 
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meters)  shov(red  tw  peaks  in  the  mortality  curve,  cae  on  the  day  of  the 
bombing  and  another  in  the  last  ten  days  of  Aiiguat(l6th  to  25th  days)# 

The  first  can  be  ascribed  largely  to  bumsj  the  second  psalc  is  largely  ac¬ 
counted  for  by  radiation  iao^ry  (table  4)  * 

Qinical  Observations.  The  pathogenesis  of  the  signs  and  eya^toms  ■niH 
first  be  considered  and  then  Tdll  follow  an  outline  of  the  commonest  clini¬ 
cal  syndromes* 

Radiation  effects  were  manifest  by  direct  action  on  the  skin,  oral  and 
gastrointestinal  mucousmembrane,  gonads,  lymphoid  and  h^ztatopoietic  tissues* 
The  last  mentioned  effect  resulted  in  the  appearance  of  the  same  lesions  of 
the  sldxbxaucous  membranes  and  viscera  that  are  seen  in  agranulocytosis  or 
in  aplastic  anemia  of  asy  cause* 

^he  Skin*  Epilation  ms  frequently  observed  among  persons  who  had  been 
dLose  to  the  bomb  and  wlio  survived  for  more  tlmn  two  weeks.  At  5Q0  meters 
its  incidence  was  approximately  75^*  It  f^l  off  ^arply  beyond  1250  meters. 
Section  %  figure  6  N »  It  i^as  almost  constantly  present  in  jjatlents  coming 
to  autopsy  between  the  third  and  sixth  weeks  (Section  $,  table  15a)  of 
such  incLLviduals  had  epilation  of  the  scalp*  The  effect  of  shielding  by 
heavy  buildings  is  striking,  as  shotm  in  figure  /OH,  of  Section  9* 

The  time  of  onset  of  the  opilation  reached  a  very  sharp  peak,  between 
thirteen  and  fourteen  days  after  the  bombing.  The  peak  for  males  and  fe¬ 
males  coincided*  lb  is  lilc^y  that  some  errors  xrere  made  in  diagaosis, 
since  hair  is  always  being  lost  and  the  people  too  easily  found  in  them- 
selves  synpboms  that  were  ccmmon  in  others.  In  the  true  epilation,  the  hair 
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rather  sx^denly  feegan  to  fall  out  in  bvnchas  upon  coubing  or  gentle  pluck¬ 
ing,  or  it  was  foimd  in  considerablo  quantities  on  the  pillow  in  the  moi'ning. 
Tins  process  continued  for  one  or  two  vxocks  and  then  ceased.  In  most  cases 
ab  the  ojid  of  this  t^'jie  the  distribution  was  tha.t  of  ordiixwn'-  baldness  in 
both  sexes,  involving  first  t’le  frontal  and  then  the  parietel  ard  occipital 
regions  a.rd  sparing  tlie  tanporal  regions  and  the  scruff  of  tho  node  (figjre 
6o) ,  In  soac,  however,  even  tho  generally  inore  resistant  parts  wore  epilj’t- 
ed,  out  in  such  persons  there  romined  scattered,  short,  fino,  downy  luiirs 
all  over  the  head  (figures  61,  64,  and  66), 

Ihe  oyobrotjs  (figires  69  P'-id  64)  and  oven  nora  so  the  eyelashes  and 
beart.,  were  relatively  resistant  to  plucking.  In  natients  who  Cfuue  to 
autopsy,  43  had  epilation  of  trio  head,  6  of  the  axilla,  6  of  the  pubic 
regions,  4  of  t;:iG  eyebrows  and  2  of  tho  board, 

Coraplets  oioilation  is  not  nacosflariljr  coi*rel<ated  with  a  bad  prognesisj 
on  the  other  ^land,  US  of  individuals  who  died  of  radiation  effect  at  ap¬ 
proximately  the  fourth  week,- load  no  epilation  of  the  scalp. 

Even  in  severe  cases,  t-ie  hair  load  begun  to  return  by  the  idddle  of 
October,  from  oigbt  to  ton  wooks  after  t’le  boiibing,and  recovery  was  well 
under  vjoy  a  month  thereafter  (flgires  64  to  67).  Some  of  the  now  Ixdrs 
v;oro  dcr,n-yy,  but  others  vrcrc  of  the  usual  robustness.  TIio  appearance  of 
t  ie  follicles  was  identical  at  each  stage  v;ith  tha.t  of  hair  in  the  usual 
cycle  of  loss  and  replaccniant.  In  t'le  radiated  patients,  however,  vast 
numbers  of  follicles  v/erc  Involved  all  at  one  time.  In  none  of  tlie  sui^/i- 
•'Tors  known  to  the  Corjndasxon  was  tho  epilation  peraanont. 
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The  ©jdetraice  of  other  dajrect  radiation  injury  to  the  skin  xsas  not 
jawed  histologicsily  beyond  peradventure*  This  siOsject  is  discussed  in 
Section  3*  Sudi  vesiciiLar  lesions  as  were  observed  in  liagasaki;,  are  not 
described  in  Hiroshhca^  althou^  pustular  and  ulcerative  lesions  occioETed* 

2*  OgA,  and  GastTOintestinal  Tissues »  In  the  succeeding  pasagraphs  orly 
EBfffiptoms  considered  to  be  the  direct  result  of  radiation  are  reviewed*  The 
severe  lesions  in  these  organs  and  tho  accajqaaying  sigas  and  symptoms 
were  the  result  of  ajlaatic  an®iic  are  discussed  later* 

In  the  section  of  pathology  (S)  lesions  are  described  in  the  tongue^ 
larynx^  esophagus  and  intestines,  tdiich  are  probably  the  direct  result  of  the 
action  of  radiation  of  such  penetrating  power  as  to  affect  these  deep  imieoas 
membranes  relatively  more  than  the  skin*  The  beginnings  of  uLceration  with 
no  tissue  response  esscept  edana  were  seen  in  the  esophagus  and  in  the  intes¬ 
tines*  Since  the  autopsy  material  is  so  scanty  the  incidence  of  such  lesions 
is  unloimwi*  ^ymptems  of  severe  pain  in  the  throat  and  gums  occurred  relative¬ 
ly  early* 

In  aajy  patients  iidio  were  close  to  the  point  of  explosion,  sevex^  nausea 
azid  vQoitixvg  occurred  from  thirty  minutes  to  tliree  hours  after  the  b^ing^ 
sometimes,  however,  not  until  the  neact  day*  Thirty  two  and  one-tenths  per¬ 
cent  of  individuals  within  the  first  1000  meters,  ond  23*2^  tdio  were  between 
1100  and  1500  meters,  suffered  fzum  vomitisig  on  the  day  of  the  bombing*  The 
incidence  feu  sharifLy  to  6*6^  in  the  third  ring  zone  to  attain  a  level  of 
zero  in  the  seventh  zing  zone*  The  mechanism  and  underlying  lesions  are 
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difficult  to  detcriiiine.  Weusea  aid  voiaiting  ara  cor.mon  after  theranoutic 
X-irradiation, 

Diarrhea,,  sorjietimes  semguinaous,  occm'red  v/itliin  the  first  fex;  days  in 
soniG  patients.  In  the  severe  cases  it  was  larobably  associated  with  the 
changes  in  the  imcous  riiciiibrano  of  the  gastrointestinal  tract,  which  have  been 
described.  Diarrheal  diseases,  however,  nay  spreail  iraraenscly  in  populationG 
disorganized  and  crov,rded  as  a  result  of  destruction  of  a  city,  Purtlieraorc, 
the  incidence  of  diairhea  in  populations  near  HiroshiiBa  not  directly  affect¬ 
ed  hr  the  boab  is  normally  high. 

3.  Gonads.  Histologically  x^adiation  affects  on  the  testes  were  discernible 

as  early  as  tlie  fourth  day  and  they  were  nrofound  in  all  fatal  cases  T/ho  ’oad 

been  within  1500  motors  of  the  bonb.  It  x^as  obviously  of  interest  to  study 

tixe  spora  couixts  in  surviwrs,  Standoi^.  methods  wero  employed  as  outlined 

in  doction  4H,  The  results  are  as  follosjo:  It  is  anparant  that  only  t'li'ee 

of  the  tircnty-thrce  patients  v;ho  had  been  x-dthin  1500  laeters,  had  a  count 

in  cxccess  of  40,000  (the  loxrer  limit  of  noKnal);  of  thir-ty-hine  men  x/ho  had 

been  beyond  2.0  kilometers,  thirteen  Iiad  counts  below  40,000  nor  cubic  joilli- 

aetor.  In  general,  patients  \’ith  low  coxmts  had  a  no'neal  pi'oportion  of  active 

speme.tozoa,  but  in  ei^t  of  tx/eaty-five  men  x/hosc  spoim  counts  wore  lower 

t'ion  10,000  nor  cc,  more  tmn  one-^nlf  of  the  spoxmiatozoa  were  judged  to  be 

actively  motile  (table  6) ,  It  remains  to  bo  deter'dned  xjhothor  in  the  sur- 

vivors  tliei'e  xdll  bu  an  increase  in  the  count  as  dietary  conditions  iasarove. 

According  to  I-fecoaber  and  Sanders*,  it  is  xanusxxal  for  pregnancy  to  occur  if  tlie 

*Mnconibor,  p.,  and  Sanders,  M.  B.,  Tho  Spermatozoa  Coxint.  Its  value  in  the 
Diagnosis,  Prognosis  and  Troatmont  of  Sterility,  New  England  J.  i-Ied,, 

200;  9S1-9S3,  1929. 
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Table  5 

Comto  of  Spczsnatozca 


Diet^ce 

Hymbor  c 

if.  SpesaiatoaoG  par 

cc  (rfdlliono) 

0-10 

41  •!• 

o 

• 

r-! 

1 

O 

k- 

WlWmifcTM 

4 

1 

1.x  -  1.5 

7 

5 

2 

1.6  -  2.0 

& 

3 

■  6  - 

2.1  'j* 

5 

8 

26 

Table  6 

Hirodilma 

Correlation  of  llusaber  and  Percentage  of  Mcfti3.e  Speroatosoa 

%  of  HotHe 

5}ne'niirL'f.rMTn9 

Hiaifoer  of  Speisiiatosoa  per  cc. 

(millions) 

0-10 

H— 40 

41  -f- 

0^ 

12 

0 

0 

1-25^ 

5 

5 

0 

26-50^ 

4 

13 

7 

5155 

4 

3 

14 

I 

j 

j 
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sponuatozoa  count  is  bolow  40,000.  of  the  patients  co  iplaluGd  of  a 

loss  of  libido,  or  even  loss  of  potency  follcnring  the  boribiaig,  but  tMs 
iacy  have  been  associated  •‘/ith  acute  or  c’lronic  illness. 

Jlstologically  the  ovurxos  shorrod  less  striking  changes  than  tho  testes. 
Tlie  incidence  of  ejionorrhea  in  I-Iiroshina  as  shoim  in  table  15H  of  Section  9, 
increases  tho  closer  the  patients  are  to  the.  center.  Duriaig  tho  vrar  years 
in  Jc.pe.n,  taora  iras  a  Idg’i  inciclonee  of  amenorrhea.,  as  indicated  in  tablo  7. 
These  background  data  ore  supplied  by  Doctor  ffitani  and  Doctor  liatsuuoto. 

The  studies  uerc  crj:Tiod  out  in  Tolcyo  vhcre  the  incidence  of  secondary 
amenorrhea  of  tliroo  or  more  jnonths  duration  is  defined  as  ainonorrhea  of  un- 
knoim  cause  in  pata.ents  uho  had  ’previously  aenstruatod  regularly  and  vrho  uora 
not  pregnant.  The  marked  increase  after  Dece:Aer  1943  is  shown  in  table  S, 
T/here  tho  nonth  by  month  incidence  is  presented.  A’long  tho  factors  concorned 
in  this  rise,  according  to  the  Japanese  gynecologists  T/cro:  (l)  malnutrition,- 
(2)  over’-rorfe;  (3)  aiudcty  associated  with  the  bo-Tbing.  In  2bvcmber  1944  the 
incidence  araong  360  nurses  of  tho  Tokyo  Imperial  University  Hospital 
sirailar,  13.3;S. 

Endometrium  was  obtained  from  thirty  patients  in  the  outpatient  deipart- 
ment.  All  of  these  had  thin ,  endometrium  in  the  early  oroliferative  phase. 
There  w^,s  one  case  of  carcinoma  of  t^-e  body  of  the  uterus.  Without  treatment 
60;.  of  the  ’-x-vtients  in  the  clinic  group  recovered  spontaneously. 

T’-enty-j.ive  patients  were  studied  and  endometrial  biopsies  i;erc  obtained 
at  Hiroshima  by  Doctor  liltani  and  Doctor  Iwai.  These  specimens,  together  with 
coamleto  records  of  the' menstrual  histories  of  tho  patients,  i^ero  o:canined  hy 
the  Joint  Gor:Mssion.  All  spoclaens  showed  cndoistrium  in  the  proliferative 
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al  Araeaorxiiea'’ 

Tie  Outpatient  Clinic 


Incidence  of  iU!ienoz*rhea 


n  cv«vCM^>AkaB<>TC^«i3ab«  tmrM 

I'Jisabes;’ 

Percent 

205 

4*3 

150 

3.S 

168 

4.9 

317 

12e0 

117 


Incidence  of 

Tohyo  Uslv 

Table  S 

"Fumctional  Menoirliea'' 

ersity  Gya*  Outpatient  Clinic 

MoirKlt 

.Year 

•»tVliV«A  »Mn»riw»— »tt»— < 

1943  _  . 

1944 

Jantiiax3r 

li*6% 

7.6^ 

Febaruajcy 

5>1% 

10*555 

March 

kM 

10*3^ 

April 

9.4^ 

3.1^ 

13.555 

Jme 

4*3^ 

9.555 

July 

11.7^ 

August 

5.4^ 

9.655 

Septeciber 

13.0^ 

October 

11.755 

Hovenibor 

6.1^ 

13.3}? 

Bccaaber 

9.155 

■Will  will !■  iwiwwi 
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phase,  uith  no  Gvidenca  of  corpus  lutcm  offoct, 

4.  ConsequeaCGs  of  Dasiagro  to.tho  Ilcinatopoiotic  Systoia.  In  persons  ei'posed 
to  radiation,  the  lynp!ioid  and  hcnatopoiotic  tissues  undon/ent  rapid  necrobio¬ 
sis  at  a  rata  and  degree  of  coiapleteness  -'hich  is  detailed  in  Sections  6,  7, 
o,  A  strnJcing  leukopenia  iras  observed  in  the  most  hor.vily  e^coosGd  patients 


vxitliin  the  first  week.  The  first  roctadod  counts  are  five  days  after  the 
bOMbing  and  at  this  tiaa  counts  as  low  as  150  i/hite  blood  cells  per  cubic 
iiillinoter  are  recorded.  In  spoci'ions  of  vertebral  rjarrovx  obtained  ten  days 
after  the  bobbing  there  is  alnost  total  loss  of  :^yclopo5.etic  tissue,  as  il¬ 
lustrated  in  Section  C,  figure  13. 

It  now  ro::iains  to  discuss  the  pathogenesis  and  clinical  •-•lanifestationo 
of  the  lesions  associated  idfn  this  process.  Tlioy  consist  of  hemorriis.ge  axri 
necrosis,  especially  of  tissues  in  continuity  witli  the  br.cteriall^/  contaiai- 


natod  surfaces  of  the  body.  The  lesions  are  jjrominont  in  the  skin  and  the  oro¬ 
pharyngeal  and  intestinal  and  respiratory  systcias. 

The  henorrhagic  aspects  ixill  be  cons'dered  first.  Involved  in  this  are: 


(a)  a  platelet  factorj  (b)  dietary  factors;  (c)  infection  factors;  and  (d) 


capillary  fragility  factors, 

(a)  The  HLatelet  Factor:  -  In',  fourteen  fatal  cases,  dying  bctv/cea  the  fourth 
to  seventh  weeks  in' whom  platelet  counts  are.  avai'.l.ablc,.  only  two  vrere  above 
60,000  iX!r  cubic  -raillimotor;  '  .one  was, between  68,000  aaid-69,000  and  anotlier 
bet’TOon  54».00d  and  55,000,  One  count  vxas  34»  000  ard  JdLL  the  rest  below 
25,000;  tlirec  trere  below  10,000,  .Li  all  of  these  patients  the  bleediiig  time 
was  increased,  in  some  to  as  long  as  46  -ainvitcs  (figures  59  and  60).  The 

h  ■  •/-  '■  ' 
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°  Factorn  Vitaitfn  r  i  .  i 

Tf  ^  Ic-n-ols  T/ere  dGtoriiincjd  bv  tho  Kyoto 

:;  r ™=  -  «-~ 

*«  ..cut«  .tagas.  ntod„  (, 

(c)  Infect j  on  Ppctof  w  •  . 

but  there  cv3d  '  tecter.1  olo-ic  date  t-;^  obteined, 

teotora^a  In  aone  of  t'»  f-toi 

tococci  or  bacin-f  ^  cases  in  vnoa  strcn- 

«.cod  tlosueo  do^ivoa  fto-,  „  ,  ' 

(fl^..eo  S2.  S3.  0^  S4.  fn  SocMon  S).  ao«  -  .H 

localized  infections  in  '>11  of  th  ^'Viac.ice  of  at  least 

as  la  all  of  the  severe  cases  of  radi'^tion  ,•■  ,• 
association  of  brct-r.-.T  •  ^  I-Odx.tion  Zajuiy.  The 

01  b..cterial  anfoctioa,  and  hciorrh.--  1..  , 

understood.  ^  ^'^all 

^-QPlllayy  Pr.nr-;T 

' '  ■'  .  i*fc*  ■‘•■£10  caol  .lar'sr  rG'''5'5+o»ir».^.  j. 

n  ,  ■. _  *  ■£ '-•■J.j.uoance  i.as  t-^-^s+fV!  k-i- 

Soroelys  negative  prs==«ro  nstnod  it, .  ,  =  ‘ 

.in..  ..a.  a.t,  :*  V“ 

>*tto  blood  count.  Indlvldc^dc  curvivlnv  to  th  S^Ucl  to  tho 

-iaonce  Of  dconoacct  veclctanco  ihe  K  ■  l  T 

rtivG.  usu-ally  neg~ 

gbaracteristjc  of  ^  : 

to  on  ..'  ^  '  '  ■■"  thooc  ,rtn  be 

-i  erred  to  as  "pnmura  >»  In +4.  m,-,* 

in  patiento  dying  -ro.  f.  f  ■  ^  ‘  ■”.™'  alnost  al«y,c  .^nifostod 

»«,. .,  L  i  *’"  -  *  •”■  "*■  <«o.  o., 

■.«o  i  Jl:  :“  “  ““  “■““  “  •■'•  ~ 

uo  of  epilation  and  fen  oaa  oT  -, 
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Kirosh.-ijaa 

Plaeasa  fitaaiia  C  LerelsT'*’ 


Case  No. 

Date 

.  EEC 

UEG 

Vitssain  G 
IBflAOO  cc 

13 

32 

6  Sept 

2.13 

1750 

0.03 

A9 

18 

5  Sspt 

2.65 

2000 

0.11 

52 

29 

tt 

2.87 

2000 

0.33 

53 

37 

« 

3.12 

1750 

0.33 

54 

24 

n 

2.83 

4000 

0.89 

56 

23 

h" 

2.82 

5800 

0.92 

57 

35 

n 

3.16 

3100 

0.52 

62 

29 

6  Sept 

2,89 

6200 

0.52 

64 

19 

15  Sept 

3.19 

4150 

0,57 

68 

37 

7  Sept 

3.04 

1450 

0.00 

Ho33Qq1  values  for  Japanese  «  0#S  -*  2c4  ;3js/l00  ce 

*Perfomed  by  Eosearcfc.  Cos3?i.3£ioa  of  the  Inperial  University  of 
Kyoto.  Sxact  details  of  the  laethod  are  not  given. 


(table  1411,  section  9).  According  to  Japanese  obsoirvors  purpiuric  spots 
tended  to  appoar  at  about  the  sano  ti::ie  or  ono  to  tt;o  days  later  tlian 
fever.  Tlieir  onset  is  at  a  poolc  betueon  the  sirtoonth  and  ti;enty-socond 


day,  some  five  days  later  tlian  the  peak  of  epilation,  Purp'.ra  is  rare 


before  the  end  of  the  second  week.  The  largest  number  of  patients  is 
involved  at  about  the  foiurbh  ifock  follovrilng  the  bombing,  T!ie  hemorr’iages 
are  most  prominent  in  the  upper  half  of  the  body  and  involve  particularly 
the  head,  face,  flonor  surfaces  of  the  upper  aanis  and  the  anterior  aspects 
of  the  thorax  (figures  59  and  60).  Associated  v/ith  their  onset,  there  is 
an  increased  tendency  to  bleed  from  lacerations,  fractxiros  a:Td  burns.  After 
the  onset  of  the  eurriura  of  tlie  skin,  henorrhagos  were  also  prominent  in  tlie 
gigivao,  and  from  the  rectum,  nose,  iirin;iry  tract  and  respiratory  passrigcs, 
in  that  order  of  frequency,  Spisttuiis  ms  often  sudden  in  onset  and  diffi¬ 
cult  to  control.  At  necropsy,  petechiae  were  fovmd  in  the  poivio  of  ’■ttio 
kidney  uitli  groat  frequency,  ]mt  in  the  vxironchyna  they  ooevirred  only  in 
11^  of  pa.tients  dying  during  the  time  x-rhen  the  homorrhagic  manifestations 
i^ere  at  their  height  (See  table  24>  section  S),  In  the  glmgivQO  2iad  ifitoa- 
tlnal  tract  hemorrhage  v;as  usually  associated  uith  obviovis  infection,  Peto- 
cliiao  occasionally  occurred  in  the  conjunctiva,,  They  were  presont  also, 
either- in  the  acute  or  organised-.  for;;i,  in  eight  of  thirty-tiro  patients  id.th 
radirr.tion  effect  -.rho  had  fundiscopic,  exaiiilnation. 
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In  association  vitli  t’lo  lG\jko|X2nia  and  aneiiia  thera  occur  necrotizing 
lesions  entirely  analogoxis  to  those  seen  in  agrantdocytosis.  In  aar^r  of 
tliaso  patients  there  is  so  .\e  question  as  to  uhother  the  earliest  changes 
iiiay  not  in  fact  Iiave  been  the  resu],t  of  direct  action  of  the  ionizing 
radiation.  ISvidonce  for  this  is  nrosent  in  Group  I  (patients  dying  before 
the  15th  day)  in  the  section  on  Pathology  (8),  Tlds  is  suggestai  clini¬ 
cally  by  the  onset  of  gingivitis  and  stcanatitis  in  soine  patients  beforG 
the  end  of  the  second  TIicso  lesions*  hOTrevor,  do  not  usually 

appear  until  the  third  and  foxrrth  uaeks.  In  later  stages,  changes  stigiies- 
tivc  of  radiation  effect  nay  be  obscured  by  v/idespread  necrosis  of  the 
rmcous  raenbrane, 

I'/hatever  the  nochanisia,  the  ^.esions  in  the  patients  uith  profound 
loulcopenia  show  necrosis,  often  rrith  niassivc  bacterial  infiltration  upon 
the  surface  aiid  in  the  inediateljr  underlying  tissues,  aJid  odem~*.dth 
feu,  if  any,  polynorolionucloar  loulcocytes,  Ilcmorrhagos  arc  usually  'rosant 
and  raay  bo  massive, for  reasons  already  discussed.  The  onsot  of  the 
cutaneous  and  oropharyngeal  lesion  is  usually  at  about  the  seciio  tine  as 
the  nxnpjura— botueon  the  15^h  and  23d  days.  Ulcerative  and  henorr-iagic 
lesions  of  the  shin  nay  occur  at  the  site  of  old  la.cerations  or  by  infec¬ 
tion  of  heaorrhagic  zones ,  Tlie  multiple  lacerations  associated  vdth  pene¬ 
trating  iragments  of  glass  have  already  been  described.  Even  nfaen  partly 
hOLiled,  they  raay,  in  patients  v.dth  Iculcoponia,  suddenly  bccaiic  inf ectec 
and  nGmorrliagic,  Pustular  and  vesicular  lesions  also  occur  in  some  pa¬ 
tients,  especiiilly  in  the  fatal  cases  (Section  8,  table  15A),  Uhat 
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roUtlon  those  too  to  primary  Sarngo  to  the  sJ^ln  by  ionlstag  radiation 
is  not  taoTO  but  is  dlsoussod  in  tte  section  on  Pathology  (S).  Any 
siuoous  nonbir.ne  ;ny  be  Involved,  fcsions  of  this  typo  Ivivo  boon  grouped 

together  as  "oropharyngeal  lesions"  and  their  Incidence  and  interrelations 
discussed  in  sccti-on  9. 

The  Ups  evy  bo  tie  seat  of  a  cheilitis  ..rtth  odoan  and  superficial 
ulceration  and  scTotinos  :;lth  cellulitis.  Glnelvitls  is  chart^etc-rised  at 
first  by  redness  and  s,eolU.ng.  &  sane  .oatients  there  Is  flather  suellii^e 
associated  vlth  hoaorrtage  and  in  a  fov,  especially  the  fatal  coses,  there 
is  actual  necrosis  uith  ulceration  of  the  guns.  The  inclsorial  regions 
•ire  post  connonly  tooolved  (flgoore  SI),  teeth  ere  rarely  loosinod. 
Ilcollne  occurs  sluggishly  ,y  re-epithellsatlcn.  to  tts  guns  rauai..  red 
and  sorallcn  for  long  periods  of  tine  and  there  is  usir.lly  a  tendenej.  for 
superficial  sones  of  ulcoratlen  arvl  sorrrlng  to  r3aa.ln  upon  the  t«ccal  and 
gingival  menbranos  tflgvro  6a).  E,crosls  ouvl  hauorrlrigo  of  the  anterior 
portions  of  tho  tensue  occurred  in  tuo  fatal  coses  (flgavo  63;  see  else 

figure  125  in  Section  8)  Thero  w«v  . 

u;.  i.^GrG  intsy  also  oo  a  stor.iatltis  recanbling  the 

cheilitis.  Both  tee  Ungual  end  faucial  tornils  ,-,,y  be  involved.  Tho 

lesion  is  usually  assocteted,  vfth  severe  pharyuBeaa  pain,  trisnus  and  uoin 

on  c-mucung.  Despite  total  necrosis,  teo  tonsils  wore  not  aluuys 

larged.  In  oatients  , Ac  recovered  tee  lesions  in  tho  tonsils  tended  to 

persist  after  the  purpuric  .inaidfostatlons  anr’  fever  to  subsided. 

The  lungs  uoro  frequently  involved  in  a  nocrctlsing  and  herhcrrhaglo 
process-by  uontiimous  necrosis  of  tee  .ascous  aenhrons  of  the  hroncM  and 
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bronclaioles,  finally  with  involve:  lent  of  tho  parenc’iym.  Histologically 
honorrhago  is  a  proninent  featnra  of  the  lesion  but  clinically  henofAyscs 
aro  jparo,  Tliore  ars  few  recorded  data  concerning  tho  clinical  nianifesta- 
tions  of  these  lesioiKi. 

iiany  mtionts  liad  diarrhea  d\aT(.ng  life  in  association  ’dth  necrotizing 
and  heinorriiagic  lesions  of  the  iatostinos.  Those  *rere  most  frequently 
sitmted  on  the  iloo-cecal  valve.  At  tlic  Ujina  Hospital  approidmatoly 
15  per  cent  of  the  didividuals  '.rith  radiation  effect  had  guaiac  positive 
stools, 

Tho  remarks  just  concluded  concern  the  injurious  factors  in  tho 
atoiaic  bomb  mid,  crudely,  tho  nechanisn  of  their  effect.  There  now  ronains 
to  consider  v;!vit  clinical  grouping  of  tho  cases  ixiy  be  made,  Siphasis  vdll, 
as  a  natter  of  course,  be  placed  on  tho  radiation  effects.  The  clinical 
types  fall  easily  into  4  groups: 

Group  I,  Ritients  dying  in  the  1st  and  2d  woeks. 

Group  II.  Batients  suffering  severo  syrantons,  or  djdng  in  the 

3d,  4th,  5th  and  6th  weeks. 

Group  III.  Patients  dyir^  after  the  6th  week. 

Group  IV.  Mild  cases ^ 

The  ^tal  cases  in  Groups  I,  II  and  III  have  the  same  designation  and 
definition  in  Section  8,  where  the  Pathology  is  discussed. 

Among  the  conditions  that  determine  into  which  group  a  given  case 
will  fall  are: 

1.  Factors  of  exposure,  as  determined  by  distance  from  the  bomb  and 
by  shelter. 
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2,  Factors  of  individual  susceptibility, 

3,  Complicating  factors  such  as  loss  of  blood,  of  the  coexistence 
of  burns, 

4,  Factors  of  therapy,  The  meagreness  of  the  therapy  applied  to 
most  of  the  patients  under  consideration  has  already  been  stressed. 

The  various  groups  will  now  be  considered  in  turn. 

Group  I;  Patients  dying  within  the  first  two  weeks. 

In  this  group  there  is  histological  evidence  of  radiation  effects  upon 
the  skin,  gastrointestinal  tract,  lymphoid  tissue,  bone  marrow,  and  gonads 
but  these  have  not  become  clinically  manifest.  There  is  no  epilation  anH 
usually  no  pu3T)ura,  Patients  complain  of  nausea  and  vomiting  on  the  first 
day  of  the  boobing  followed  by  anorexia,  malaise,  severe  diarrhea,  thirst, 
and  fever.  Death  ensues  in  delirivun  within  the  first  two  weeks.  Leuko¬ 
penia  is  found  in  many  of  those  oaeos  fifth  day  and  doubtless  occurs 

sooner. 

First  hand  infoimation  concerning  some  of  the  featiares  of  the'^oofly 
cases  is  available  from  the  records  of  the  Iwakuni  Hospital,  Temperature 
charts  were  kept  and  hematological  examinations  were  performed.  Details 
of  the  clinical  histories,  however,  are:  scanty,  as  there  is  record  only  of 
the  most  - important:  signs  and  symptoms.  Thus  nausea  and  vomiting  on  the 
first  day,  which^was  common- among  those  with  radiation  effect  who  survived 
for  3  weeks  or  more,  was  rarely  recorded,  .  This  probably  indicates  either 
that  the  questions  were  riot -asked,  or  that  the  patients  were  too  ill  to 
respond; 

The  patients  urider  consideration  were  all  in  the  "Bankers*  Club" 
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building,  which  is  situated  250  meters  from  the  point  above  which  the  bomb 
exploded.  A  study  of  the  building  from  the  point  of  view  of  filtration 
factors  is  presented  in  Section  IIH,  Of  23  individuals  in  this  building 
who  were  admitted  to  the  Iwakuni  Naval  Hospital,  all  but  2  had  died  by  the 
23d  of  August.  The  case  history  of  one  of  the  survivors,  Torachi,  a 
telephone  operator  who  supplied  information  con'cerning  the  others,  is  pre¬ 
sented  in  Group  IV  of  this  section. 

It  is  condidered  desirable  to  consider  the  symptoms  of  those  who  had 
no  burns,  or  minor  burns  no  greater  than  the  first  degree.  There  are 
8  such  in  addition  to  the  survivor,  Terachi,  who  fall  into  this  category. 

All  but  one  of  the  fatal  cases  had  diarrhea,  which  was  of  vratery  type. 

The  number  of  stools  per  day  was  as  high  as  28  in  one  case  and  ranged 

\ 

from  2  to  10  in  the  others.  None  of  the  patients  dying  in  the  first  week 
had  evidence  of  epilation,  A  few  scattered  petechiao  wore  noted  on  the 
chest  in  one  case.  It  was  of  note  that  one  had  stomatitis  and  pliaryngitis 
and  another  gingivitis  and  pharyngitis, 

Tho  temperature  records  in  all  of  these  patients  were  remarkably 
similar.  Usually,  between  the  fifth  and  seventh  days,  but  sometimes  as 
early  as  the  third,  there  was  a  steplike  rise  of  temperature  usually  con¬ 
tinuing  to  the  day  of  death,  Fomr  charts  are  presented  with  the  counts  and 
nvimbers  of  stools  recorded  for  the  appropriate  day  together  \d.th  the  clini¬ 
cal  histories,  which  include  all  available  information,  'There,  is,  remark¬ 
able  similarity  not  only  in  the.  temperature  curve  but  in  the  other  clinical 
mahifestationsv:  These, _cases,.-:mpreover,  are  representative  of  the  group  as 
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a  whole. 

The  white  blood  cells  were  first  recorded  as  early  as  11  August,  but 
the  first  examinations  wore  usually  porforcEd  oh  the  following  day.  There 
is  not  one  among  the  7  fatal  cases  in  whom  data  are  available  where  the 
count  \m.s  higher  than  1500.  In  5  of  the  7  it  was  below  500.  There  was 
also  a  striking  anemia  in  these  patients  by  the  end  of  the  first  week, 
despite  the  fact  that  in  most  of  them  blood  had  been  lost  in  slight,  if 
any,  qmntity.  The  RBC  varied  from  1,4  to  4.2.  There,  was  a  dispropor¬ 
tionately  lovf  hemoglobin.  It  was  not  greater  than  54  in  any  patient j  in 
one  it  vras  25,  and  in  the  others  it  ranged  between  40  and  50  per  cent,. 

The  symptoms  among  the  14  patients  with  burns  of  second  degree  or 
greater,  usually  were  very  similar.  One  patient,  who  lived  to  the  23d 
Aug,  developjed  severe  epilation  on  the  20th,  The  one  survivor,  Koziika, 

Case  No.  .H-10633-1,  was  discharged  on  the  24th.  He,  too,  developed 
epilation  before  his  release  from  the  hospital.  His  first  count  had  been 
250  WBC  per  cmm  on  12  August  but  had  risen  to  3»600  by  the  19th.  Scattered 
purpuric  spots  were  present  in  one  patient  who  died  on  the  11th.  There 
was  only  one  patient  who  had  stomatitis  when  admitted  on  9  August  and 
pharyngitis  which  began  on  the  12th.  He  died  on  14  August,  Another  who 
died  on  the  14th  also  had  stomatitis;  The  dates  of  death  for  both  groups 
are  shoim  in  table  3  earlier;  in  this  .etfitiqn. 

An  account  of  the ,  symptoms  in  181  cases  terMnatihg  fatally  before  the 
end  of  the  11th  day  and  including  phtients  with  severe  burns  and  inj\iries 
is  given  in  the  report  of  the  Japanese  Army  Medical  School  (Appendix  4H, 
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Reference  No,  1);  ''Of  a  total  of  181  cases.  159  had 
including  10  cases  vsith  bloody  3tco3.S3,  22  had  a  iiereor 
eluding  those  vdth  blcodj’-  stools,  2  had  p-ertschiea,  2 


fcveiu  65  had  diarrhea 
rhagic  tendency  in- 
.vith  opista:-:i3  and 


one  uith  gingivea  bleeding,"  The  bloody  d 
dj^  entery  but  bact/eriologie  er-tfif ninations  p 
vjere  negative. 

Death  in  these  pati.ents  '.^ss  associate 
as  deu'ionstrated  in  Section  S,  and  probably 


iiai’rhea  reesiibled  that  of 
:erfor.a.ed  at  the  Niiioshicia  Hospital 

d  with  the  destruction  of  tissue, 
•also  with  bacterial  infection. 


In  aniUiials  dyii^g  soon  after  lrraai.atibn, 
for/ner  factor  to  be  the  none  irru:ort;jnt.  ’ 


laAK’ence  &.  Tenniint*  considered  the 


■‘^•Lawrence,  J,  H.,  &  Temuint,  H, :  Ti’ie  Cojuparutive  Effects  of  Neutrons  and 
X-Rays  of  the  Whole  Body.  Jom'.  ii&cp.  Msd.,  66:  667-638,  1937. 
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Case  Report:  l:Jaljane;»  Eiichi 


Case  No*  H-60I9-N 

This  31  year  old  petty  officer  of  tho  Japitnose  Na'wy  ms  admitted 
to  the  X-mkaid.  Kospatal  on  the  9th  of  /aigusb.  He  ms  in  the  Bankers* 

Glnb  (250  meters)  at  the  tiiae  of  the  fcojKb3.ng  and  snff orsd  first  degree 
bnras  of  the  face,  neck,  and  chest,  c<jRtnBiona  of  the  nose  and  right  hand 
£3nd  an  abrasion  of  th©  left  dbow.  On  the  12th  of  August  he  began  to  cent* 
plain  of  abdominal  pai»i,  nausea,  anoi’sscla  and  disEiness  and  a  diarrhea  be¬ 


gan,  tMch  reached  a  frecuci'cy  of  ten  on  the  following  t^io  days*  At  the 
same  time  his  temperatitre  bejgan  to  riao  and  {'x>ntiz).uecl  uprriardB  to  reach  a 
leva?,  of  39*4®  C  at  the  time  of  death,  on  15  August  1945*  (S^e  teng)erattire 
record),.  On  that  dag?’  a  fevr  petechiao  appeared  on  the  chest* 
**A.iitohc2sotkerapy”  was  adalnieterod. 


Jjaborato^  Data: 

«w»rf«ttf»iw«inTif»nKwaHwiK»A.wtiawi»  _  ^  ^ 

Sahli 

Hlcod  REG 


fftMf  UUV.>',/ UCM 


BG*  Lv«  M.*  Stab.  3q^«  Eo»  Hue.  EW 

12  Aug  4.69  50  150  30  4  a  50  4  4 

13  Aug  4.20  49  200 

•^i’^Gdant  neirtrophiieB''  present  (See  Section  6). 

/• 

Uris.ie  (13  Aug):  Alb*  and  Sugar  Keg.  2-3  VilBC  and  3-4  RBC/HEP 
Sto^  (14  Aug):  Neg*  for  typhoid  or  dysentery. 

Case  Report:  Ootsuka,  Shigeru,^ 

Case  No*  H-10622—X 


Tills  27  year  cd.d  paymaster  of  the  Japanese  Na^  ms  <m  the  first  floor 
of  the  Baakersl  Club  (250  meters)  at  the  time  of  the  bcaibing*  The  only 
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injuries  were  contusions  of  the  head,  face,  and  neck,  and  abrasions  of  the 
hands.  He  was  admitted  to  the  Iwakuni  Hospital  on  9  Aiigust  1945,  He  com¬ 
plained  of  a  cough  which  was  productive  of  sputum,  and  of  anorexia  and  diar¬ 
rhea.  At  the  time  of  admission  his  temperature  was  38,8°  C,  For  the  next 
two  days  it  was  jtist  slightly  above  normal,  but  thereafter  it  rose  steadily 
to  levels  as  high  as  40,6°  C.  towards  the  end.  On  the  19th  of  August  he 
had  a  hemoptysis  and  he  expired  on  the  next  day.  He  also  suffered  from  sto¬ 
matitis  whose  date  of  onset  is  unstated. 

Four  transfusions  were  given  of  100  cc  each.  He  had  a  striking  leuko¬ 
penia  and  anemia. 

Laboratory  Data; 

Sahli 


Blood  RBC  H^  vraC 

12  Aug  400 

13  Aug  1.35  44  125 

14  Aug  125 

15  Aug  100 

17  Aug  82 

18  Aug  113 


Urine  (12  Aug);  Alb.  and  Sugar  Neg,  1-2  RBC  and  3-5  WBC/HFF 
Case  Report;  Kumano,  Iwao 
Case  No.  ,  -  H-10635-I\  ;  - 

This  22  year  old  seaman  who  was  admitted  on  the  9th  of  August  sustained 
contusions  of  the  head  and  face  at  the  time  of  .the  bombing.  He  was  in  the 
Bankers’  Club  building  at  the  time.  Following  the  bombing,  he  complained  cf 
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dizziness,  Ifeusea  and  vomiting  occurred  beginning  with  the  12th  of  August 
and  at  the  same  time  a  sudden  rise  in  temperature  occurred.  This  continued, 
reaching  a  level  of  40.2°  C  on  the  day  of  death,  the  14.th  of  Aaigust,  There 
was  diarrhea  on  the  last  two  days,  "Autohemo therapy”  was  administered. 
Laboratory  Data; 


Blood 

RBG 

NHC 

M. 

Seg.^^ 

12  Aug 

2.82 

40 

300 

1 

1 

18  (20  cells  counted) 

*Giant  neutrophiles  present. 

Urine  (13  Aug):  Alb.  and  Sugar  Neg,  2-3  WBC/HFF 
Stool  culture  (14  A^Jg);  Neg, 

Case  Report;  Kurauchi,  Yoshiaki 
Case  No.  H-10645-I 

The  patient,  a  31  year  old  seaman,  was  at  the  Bankers^  iplub  building 
at  the  time  of  the  bombing,  and  received  contusions  of  the  face  and  left 
forearm,  together  with  first  degree  burns  of  the  face  and  neck.  He  was  ad¬ 
mitted  to  the  Iwakuni  Hospital  on  the  9th  of  August,  At  this  time  he  had 
malaise  and  anorexia  and  diarrheal  stools,  but  they  did  not  become  frequent 
tintil  the  13th,  Their  number  reached  28  two  days  later.  On  the  12th  began 
a  fever  which  rose  continuously,  to  attain  levels  as  high  as  40°C  within 
the<  next  two  days.  Hiaryngitis  a,ppeared  on  the  14th  of  August  and  there  was 
also  a  stomatitis  whose  date  of  onset  is  not  stated.  His  blood  pressure 
was  90/45  on  August  13, 
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Laboratory  Data: 


Blood 

RBC 

\wc 

iSL* 

iSZ* 

Stab.  Seg.  E.  B. 

■MHiMW  >»ih>*T4  iririi  timm 

12  Aug 

4*20 

45 

400 

14  2 

9 

12  68  0  1 

1$  Aug 

4.30 

60 

250 

16  Aug 

200 

17  Aug 

270 

Bone  l£arrogr  (Date  not  stated):  Stab  cells:  !•  29*  M»: 

Monoblast:  Re'uicuLvsa  cells:  11*  Plaaaa  colls:  ?« 

Urine  (13  Aug):  Alb.  and  Sugar.  Nog.  2-3  VJSJ/BlF 
Stool  Culture  (13  Aug):  Keg. 
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Group  II;  Patients  dying  dttrlng  the  3d.  4th«  5thi  and  6th  weeks. 

or  surviving  severe  symptoms. 

In  this  group  the  anatomical  and  clinical  results  of  the  radiation 
attain  their  acme.  Epilation  is  prominent  as  is  the  hypoplasia  or  failure 
of  maturation  of  the  bone  marrow.  The  hemorrhagic  and  necrotizing  lesions 
which  are  consequent  upon  the  latter  are  entirely  comparable  to  those  seen 
in  aplastic  anemia  and  agranulocytosis,  Petechiae  of  the  skin  are  aJmost 
always  present.  There  are  necrotizing  lesions  of  the  gums,  and  respii^a- 
tory  and  gastrointestinal  tracts.  The  sequence  of  symptoms  is  somewhat 
as  follows;  In  a  typical  severe  case  the  first  evidence  of  the  disease 
is  nausea  and  vomiting  on  the  day  of  the  bombing,  followed  by  a  feeling 
of  malaise.  Then  there  are  no  other  additional  symptoms  except  for  epila¬ 
tion  which  begins  2  weeks  after  the  bombing.  Usually,  approximately  5 
days  after  this,  accompanied  by  increasing  malaise,  there  is  a 
step-like  rise  in  temperature  similar  to  that  seen  in  Group  I.  At 
approximately  the  same  time  pharyngeal  pain  may  appear  or  this  may  come 
somewhat  later.  Gingivitis  and  petechiae  become  manifest  on  the  same  day 
or  within  a  few  days  after  onset  of  the  febrile  episode.  Sanguineous 
diarrhea  is  frequently  a  prominent  symptom  at  the  height  of  the  disease 
and  may  appear  very  early.  Stool  culttares.  made  from  160  of  these  patients 
at  the  30th  of  Atigust  Mere  all  negative.  The  leukocytes  and  platelets 
reach  very  low  levels  at  the  time  of  the  fever  and  there  may  be  a  severe 
anemia.  The  patient  usually  dies  within  one  or  two  weeks  after  the  onset 
of  the  fever. 

The  nechanicw-  doAti),  -in  these  patients  who  had  widespread  infected 
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necrotic  and  hemorrhagic  lesions  is  not  difficult  to  understand.  The 
presence  of  bacteria  in  the  well-fixed  bone  narrows  of  two  patients 
autopsied  immediately  after  death  (figs,  13,  82,  83,  89  in  section  8) 
indicates  the  massive  bacteremias  that  can  occur.  Cultures  of  blood  were 
made  in  19  patients  as  recorded  in  the  Japanese  Amy  Medical  School  report 
with  the  following  results:  Strop,  hemolyticus  1,  Strep  viridans  1,  B, 
coli  1,  Gram-positive  diplococctis  1,  This  information  is  scanty,  but  in¬ 
dicates  that  blood  cultia:es  are  frequently  positive  in  these  patients. 

Some  patients  exhibiting  all  or  several  of  the  symptoms  of  purpura, 
gingivitis,  and  severe  or  even  necrotizing  pharyngitis  sinrvive  after  a 
febrile  period.  In  relation  to  defervescence  non-necrotic  pharyngitis 
ceases  before,  petechiae  before  or  dtiring,  and  gingivitis  usually  after 
the  end  of  the  febrile  period.  Recovery  is  associated  with  an  increase 
in  the  circulating  leucocytes  and  platelets.  Many  of  these  patients 
remain  in  an  anemic  and  generally  debilitated  condition  for  long  periods. 

In  survivors  the  red  count  tends  to  fall  slowly  for  some  weeks  after  the 
end  of  the  severe  Illness.  It  is  interesting  to  note  that  the  leucocytes 
are  at  their  lowest  in  the  fourth  week  in  those  surviving  more  than  20 
days.  In  the  same  group  the  red  blood  count  reaches  an  ebb  at  about  the 
seventh  week. 

The  incidence  and  quantitative  interrelations  of  the  symptoms  are 
discussed  at  length  in  section  9. • 

The  record  of  patient  Okita  is  presented  as  an  example  of  recovery 
from  the  severe  fpm  of  the  disease.  In  general  the  fatal  cases  did  not 
present  any  special  symptoms.  The  tendency  was,  however,  for  more  of  the 
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signs  and  syraptoms  to  coexist  aM  to  be  more  severe. 

Case  Report:  Okita,  Hirosi 

Case  Nunber:  H-601i«U* 

This  25-year-cld  soldier  was  at  the  104th  Garrison  (approximately 
1000  meters)  on  the  upper  floor  of  a  two  story  Japanese  building  at, the 
tine  of  the  explosion.  Fragments  of  glass  stnck  his  right  am  and 
shoulder,  inflicting  a  laceration  on  the.  fomer  and  a  contusion  on  the 
latter.  That  night  he  slept  in  a  field  but  he  returned  to  the  Garrison 
on  the  7th.  Between  the  10th  and  the  14th  he  worked  on  the  East  Drill 
Field  and  was  able  to  march  15  kilometers. 

Epilation  begjan  on  the  20th  of  August  but  he  continued  to  work.  On 

the  27th  he  felt  feverish  and  on  the  next  day  petechiae  appeared.  He  was 

admitted  to  Ujina  Hospital  on  30  August.  At  that  time  he  complained  of 

malaise,  headache  and  swelling  of  the  gums.  He  had  previously  had 

malaise  only  on  the  day  after  the  bombing.  The  gingivae  continued  to 

swell  and  on  4  September  they  were  extremely  painful,  A  week  later  they 

began  to  bleed,  but  thereafter  healing  began.  He  had  a  sore  throat  begin- 

ing  on  1  September  and  had  dysphagia  on  the  7th.  Superficial  ixLcerations 

of  the  angles  of  the  mouth  were  noted  on  the  next  day  and  he  had  trismus . 

His  temperature  rose  sharply  on  September  1  and  attained  40.6®  C.  on  the 

*This  patient  was  stiidied  at  the  Ujina  Branch  Hospital  and  later  by  the 
Joint  Commission.  The  temperature  record  is  taken  from  the  report  of  the 
Japanese  Army  Medical  School,  ^ 
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Laboratosr#'  Data,: 


Meba.  P3as“  Plate 


B].ood 

EEC 

VJ3C 

Ly* 

M  £^el 

M*  kttC30»>Sk 

Myel. 

Stab 

seg 

»  lEi. 

lets 

4  Sept 

2«6 

6S^ 

900 

93 

2 

8  Sept 

1400 

19  Sept 

2SOO 

33 

9*5  0*5 

1*5 

2L 

26 

1  6 

200^000 

27  Sspb 

2«79 

51^5 

i!>600 

16*5 

9.5 

3.5 

69.5 

23  Oct 

3.30  12 

10400 

ijO 

5.0 

2.0 

46  oO 

Bleedla'g  tajBs  (Dulce) 
ilk  Sepb  3*30" 


Clobtizig;  taaae  (Sohll  and  Foarlo) 
2  Sept  5?30"  «  9^  (coaplebe) 


24  Sept  4*15"  -  2*15" 


2  Sept  0,t/^2  «*  Oo36 

26  Sept  0*42  «■•  0o34 


CapiUaz^r  Resistance  test 
(Ii!eg«  preosou’e  method): 

13  Sept  r  -  1205  1  -  140 

27  Sept  V  -  26O5  1  -  260 


Hlood  Proteins  (CUSO.  method) 
23  Oct«  4*6  grams*/? 
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nejct  day.  Thereafter  it  fell  by  lysis  to  reach  normal  levels  on  the  14th 
of  September,  Petechiae  began  to  clear  on  9  September  and  he  was  suffi¬ 
ciently  well  on  4  October  to  be  discharged.  He  was  next  seen  on  23  October 
1945  by  the  members  of  the  Joint  Commission,  who  found  him  et  work  at  his 
farm.  At  this  time  he  complained  of  shortness  of  breath  upon  exertion,  but 
of  no  other  symptoms.  The  gingivitis  was  healing  anteriorly,  but  super¬ 
ficial  ulcers  with  purulent  bases  were  still  present  on  the  buccal  mucosa 
of  the  right  side(^igure  62), 

He  submitted  to  a  bone  marrow  puncture  and  blood  coxint.  These  showed 
a  remarkable  recovery  of  the  leucocyte  count  to  10,400  on  this  day,  in  con¬ 
trast  with  its  low  level  of  900  on  4' September,  and  of  the  count  of  nuclea¬ 
ted  cells  in  the  bone  marrow  which  had  risen  to  75,000  per  cmm  on  23  October, 
from  its  level  of  4,000  on  4  September  1945. 
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BOMB  MARBOW 


Date 

k 

27  Sopb 

23  Oct 

NuoLeated 

4000 

75,000 

H/oLoblasts 

1.7 

3.5 

PmJssraLoesrbes 

Oc.6 

O.S 

2.5 

H,  i;3relo<^©a 

j5*4 

lo7 

3.0 

N«  MetasisrelocTtGs 

?.2 

12,2 

11.5 

Stab  foma 

3*0 

22.2 

17.5 

No  Polys 

0,6 

13.5 

12.0 

Eosinophiles^  oil  tyj^os 

7.2 

0.4 

11.0 

Basophnes 

0.4 

Lymphocytes 

k2A 

6.5 

ItLonecsTbes 

0,6 

2,2 

1.5 

Hlffbioc^es 

Megaloblasts 

Erythi^oblasts 

7.2 

2,6 

1.5 

Nomoblasta 

8o4 

39.1 

10.0 

Mcgakaryot^es 

KLasssa  cells 

i4.e 

1.2 

0.5  _ 

Unidentifiable  (damaged) 

25.0 

10.0 

6.0 

CiToup  III  (Patients  Dying  After  the  Sixth  Week) 

In  some  individvials  in  whom  the  bone  marrow  fails  to  recover  or 
exhibits  a  maturation  defect,  the  symptoms  described  for  Group  II  continue 
and  the  patients  die  after  a  chronic  illness.  Patients  with  severe  symptoms 
surviving  beyond  the  sixth  weekv  usually  are  emaciated. 

In  others,  concomitant  with  a  partial  or  complete  recovei^  of  the 
marrow,  most  of  the  striking  manifestations  of  the  aplastic  anemia,  such 
as  purpura,  have  disappeared,  but  they  may  nevertheless  succumb  to  a  pneu¬ 
monitis  or  enteritis.  These  may  represent  either  a  new  illness  of  sudden 
onset,  or  an  exacerbation  of  a  smoldering  lesion  that  had  its  inception 
dioring  the  earlier  leukopenic  phase.  Thus,  lung  abscesses  may  develop  in 
organizing  pneumonia.  In  these  patients  there  is  now  a  leukocytosis.  The 
lesions  contain  an  abundance  of  polymorphonuclear  cells.  There  is  usually 
no  longer  a  marked  thrombocytopenia,  but  the  anemia  may  be  profound,  A  typi¬ 
cal  example  follows: 

Case  Report:  Ki^ima,  Torowa  Case  No,:  H-6059-U 

Autopsy  Key  No.  50 

Chief  Complaint:  This  31  year  old  man  was  admitted  to  the  Ujina  Hospital 
on  5  September  1945,  cori5)lainlng  of  epilation,  gingival  pain  and  high  fever, 
Rtst  History:  The  patient  had  no  noteworthy  disease  until  the  present. 
Present  Illness;  At  the  time  of  the  bombing,  he -was  in  military  baini’acks 
approximately  one  km.  from  the  center.  At  this  time  he  sustained  a  large 
wound  of  the  occipital  region  and  lacerations  of  the  upper  arm  and  of  the 
dorsvim  of  the  left  foot.  Since  the  25th  or  27th  of  August  the  scalp  hair 
began  to  fall  out  and  he  began  to  complain  of  gingival  pain  and  high  fever, 
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Physical  Examlmtlon;  At  the  time  of  admission,  his  temperature  was  38,5°  C 
(axillary).  The  pulse  was  102  and  regular.  He  appeared  moderately  ill.  He 
was  pale  and  vindernourished.  There  was  a  striking  degree  of  gingival  hemor¬ 
rhage,  No  increase  in  the  size  of  the  cervical  or  cubital  lymph  nodes  was 
noted.  Ulcers  were  present  on  the  lips.  It  was  not  possible  for  him  to  eat 
on  account  of  pain.  There  was  striking  epilation  but  no  petechiae  were  seen 
on  the  skin. 

Course  in  Hospital;  His  extennal  woiinds  appeared  to  heal.  He  suffered  from 
anorexia.  On  10  September  he  vomited  an  Ascaris  worm.  On  15  September  fever 
continued  and  he  had  a  cough.  He  became  increasingly  prostrated  and  by 
18  September,  cough  was  se^re  enough  to  disturb  his  sleep.  It  was  productive 
of  a  mucoid  and  purulent  sputum  which  did  not  have  a  strikingly  foul  odor. 

Upon  standing,  it  separated  into  three  layers.  There  was  dullness  to  per¬ 
cussion  over  the  right  scapular  region  and  here  there  was  diminution  in  the 
breath  sounds.  There  was  no  change  in  vocal  fremitus.  Tubercle  bacilli  were 
not  found  in  the  sputum  l^rhen  this  was  exariiined  on  3  October,  There  were,  how¬ 
ever,  nmerous  polymorphonuclear  leukocytes  and  cocci.  Fever  and  cough  con¬ 
tinued  through  18  October  and  the  patient  continued  to  suffer  from  anorexia. 

An  X-ray  examination  performed  on  28  October  showed  a  diffuse  cloxidiness  in 
the  upper,  middle  and  in  a  portion  of  the  lower  lobes  of  the  right  lung. 

The  hilar  shadows  on  the.  left  side  Were  accentuated.-  Axiscviltation  of  the 
chest  on  5  November  revealed  bronchial  breathing  over  the  anterior  ri^t 

■a 

lung  near  the  apical  region.  On  14  November  there  was  hemoptysis  of  appro¬ 
ximately  100  cc.  Respirations  were  rapid  and  the  pulse  was  at  this  time 
weak  and  somewhat  iiregular,  .  On  the  15th,  he  was  in  an  agonal  state  and 
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Obseiryatlons  at  Necropsy 

At  necropsy  the  patient  was  found  to  be  extremely  emaciated.  There 
was  still  a  striking  degree  of  epilation  of  the  scalp,  and  gingivitis  was 
still  in  evidence.  The  tongue  was  almost  a  perfectly  smooth  and  pale  but 
there  were  no  lolcers  and  neither  the  lingual  nor  faucial  tonsils  were  en¬ 
larged  or  necrotic.  There  was  an  organizing  and  acute  pneumonitis  of  the 
right  side,  with  multiple  abscesses,  and  bronchiectasis  (figure  149  -  151). 
Fibrous  pleural  adhesions  were  present  on  this  side.  On  the  left  side  there 
was  a  focal  pneumonia.  The  bone  narrow  was  hyperplastic,  but  still  showed 
many  atypical  mononuclear  cells  (See  Section  8,  Group  III  for  description). 

The  testes  were  remarkably  atrophic  (figure  167)  as  was  the  adrenal 
cortex  (figtire  169). 

Notable  features  of  this  case  are  the  recovery  from  the  severe  symptoms 
of  radiation  effect,  but  the  persistence  of  a  pneumonitis,  viltimately  with 
formation  of  an  abscess.  There  is  organization  of  an  old  pneumonitis,  to¬ 
gether  with  an  acute  focal  pneumonia.  Profound  anemia  persisted  and  there 
was  a  relative  leukopenia,  with,  however  a  marked  shift  to  the  left.  The 
bone  marrow  at  necropsy  was  hyperplastic  but  showed  a  persistence  of  plasma 
cells  and  atypical  nononuciear  cells. 


Group  IV;  Mild  Cases; 

Persons  who  were  situated  near  the  limit  of  the  range  of  the 
radiation  or  who,  although  close  to  the  center,  were  shielded  by  heavy 
buildings  or  who,  for  unknown  reasons,  were  resistant,  manifested  mild 
effects.  In  some,  who  were  otherwise  completely  asymptomatic,  leuko~ 
penia  was  discovered  during  a  routine  blood  count.  Some  merely  complained 
of  anorexia  and  malaise.  Diarrhea  was  a  common  complaint.  Others  had 
mild  or  even  severe  epilation  without  other  symptoms.  When,  however, 
purpxira  or  oropharyngeal  lesions  appeared,  the  patients  usually  also  had 
epilation  ojid  passed  through  a  febrile  illness  of  varying  degrees  of 
severity  such  as  was  described  in  its  most  serious  form  in  Group  II, 

Most  patients  with  the  milder  symptoms  recovered  completely.  There 
were  some,  however,  who  had  not  regained  their  feeling  of  well-being  even 
after  three  months  after  the  bombing,  A  few  of  these  people  had  a  per¬ 
sistent  levikopenia  of  approximately  3,000-4,000  at  the  time  that  the  Joint 
Commission  left  Hiroshima,  A  moderate  anemia  was  moro  common.  What  role 
dietary  factors  played  in  the  anemia  is  not  clear  nor  is  there  any  infor¬ 
mation  concerning  how  long  depression  of  the  bone  marrow  may  persist. 

There  follows  the  history  of  patient  Terachi,  who  was  one  of  the  two 
known  survivors  among  23  persons  at  the  Navy  Department  Office  at  the 
Hiroshima  Bankers'  Club  (250  meters).  From  data  presented  in  Section 
IIH,  she  was  shielded  by  the  equivalent  of  approximately  130  inches  of 
water. 
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Case  Report:  Terachi,  Kaziako 

Case  No.  H-10616-I 

This  19-year-old  single  female  telephone  operator  was  in  the  switch¬ 
board  room  of  the  Barkers’  Club  building  at  250  meters.  She  is  one  of  two 
known  to  have  survived  in  that  building.  Information  concerning  the 
patient  was  obtained  from  her  clinical  record  at  the  Iwakuni  Naval  Hospital 
and  from  the  patient  when  she  was  intei*viewed  and  examined  on  19  November 
1945. 

The  patient  was  standing  at  the  time  of  the  bombing.  She  was  in  a 
room  on  the  ground  floor  of  a  three  story  concrete  building.  The  wimiows 
of  the  room  faced  somewhat  towards  the  center  of  the  explosion  but  there 
was  a  concrete  wall  several  feet  beyond  the  windows  which  did  not,  however, 
exert  a  shielding  effect. 

She  felt  the  blast  come  from  her  left  and  was  lacerated  by  flying  glass 
fragments  over  the  face,  neck,  left  arm,  left  log,  left  half  of  the  back 
and  ri^t  hand.  She  was  not  burned.  Two  other  persons  were  in  the  room 
and  sustained  mechanical  injuries.  One,  Tanaka,  Case  No.  H-10630-I,  sub¬ 
sequently  developed  radiation  sickness  and  died.  The  other,  Kozuka,  Case 
No.  H-10633-I,  sustained  slight  burns  but  laved  until  1  November, 

The  patient  escaped  from  the  building  in  which  fire  had  broken  out. 

At  1700  hours  (about  9  hours  after  the  bombing)  she  became  nauseated  and 
vomited  many  times.  These  symptoms  persisted  only  during  the  evening  of 
6  August,  however.  She  continued  to  have  malaise  and  was  admitted  to  the 
Iwakuni  Naval  Hospital  on  9  August  with  a  temperature  of  39.9°  C.  The 
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extent  of  infection  of  her  numerous  lacerations  ^^as  not  described. 
Treatment  consisted  of  dressings  and  sulfanilamide  by  mouth,  3  grams  daily 
for  3  days.  Fever  subsided  by  lysis  over  a  10  day  period.  Improvement 
was  sufficient  to  permit  the  patient’s  discharge  on  24  August,  and  her 
lacerations  were  completely  healed  by  the  beginning  of  September, 

In  the  end  of  August,  after  returning  home,  the  patient  developed 
moderate  epilation  of  the  scalp  but  at  no  time  did  she  notice  any  pete- 
chiae  or  other  hemorrhagic  phenomena,  tfelaiso  and  weakness  were  still 
present  when  she  was  examined  on  19  November  but  these  complaints  were 
improving  steadily.  At  no  time  did  she  have  abdominal  pains,  diarrhea, 
anorexia,  stomatitis  or  pharyngitis.  There  was  litilo  change  in  the  men¬ 
strual  cycle.  Periods  of  4  to  5  days'  duaratlon  occiarred  in  the  beginning 
of  June  and  July,  The  August  period  began  on  4  August  aid  ended  on  the 
day  of  the  bombing.  A  3-day  period  followed  on  5  September  and  a  3-4  day 
period  on  10  October,  There  had  been  no  November  period  at  the  time  of 
examination  on  19  November,  On  that  day  her  WBC  had  not  as  yet  reached 
5000.  Her  lowest  count  had  been  1240) on  15  August,  9  days  after  the  bomb¬ 
ing. 
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Laboratory  Data; 


Laboratory 

Date 

RBC 

(millions) 

2.40 

Hbg 

(jrraris ) 

7.0 

.  WBG 

Other 

Ivrakuni  liosp 

13  Aug 

3400 

Urine;  ;ilb-neg, 
Sug-neg,  3sd 
few  RBC  pel’  HPf 

Iwakuni  Hosp 

14  Aug 

2.7 

5.3 

■296c 

Iwfidcuni  Hosp 

15  Aug 

2.3 

6.5 

1240 

Iwiikuni  Hosp 

16  Aug 

2.3 

6.2 

1250 

Iwakuni  Hosp 

18  Aug 

2.2 

5.3 

2480 

Urine;  Alb  0. 

Sug  GjSed 

Few  )UiC  par  tPF 

Iwakiini  Hosp 

20  Aug 

Differential; 
Stab  1,  Sug  69, 
Lyra  28,  ikino  2  . 

Joint  Coram, 
(Hiroshima) 

19  Nov 

3.9 

:a.3 

4500 

Differential* 
Stab  8 ,  Log  54 .4 

Ly  27.2,  IL  4.0, 

K  4.0,  B  0.0, 
Platoloto  65,790 
SceticulocytoB 

Bone  Mat'gpw  (19  Ncwember  I  v't'j  . 


iiyeloblasts  'i»7 

i^rorjyalocy  tes  ;>.5 

i’s.  L^-olocytes  5.? 

H.  lietojriyclocytes  10. 

?■!.  fitab.  Foz'iub  ,25.0 

K.  Polys.  9.0 

Eooinophllas  (all  types)  4,5 


iiyiripiiocytcs 


27.0  (continued  on  next  page) 


Mcaiocytes 

2.0 

Erythroblasts 

2.5 

Normoblasts 

12.0 

Plasma  cells 

1.0 

Note:  Some  of  the  lymphocytes  are  atypical  and  are  difficult  to 
distinguish  from  promyelocytes. 
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SUMMARY 


The  usual  clinical  observations  in  the  various  severe  types  of 
disease  that  have  followed  exposure  to  the  gamma  and  associated  radiations 
of  the  atomic  bomb  are  summarized  in  table  10,  The  variability  of  the 
symptoms  in  the  mildest  cases  (Group  IV)  precludes  their  cataloguing  in 
tabular  form, 

TABLE  10 

Clinical  Manifestations  of  Severe  "Radiation  Effect” 


MANIFESTATION 

Group  I 

1st  &  2d  Weeks 

Group  II 

3d  -  6th  Week 

Group  III 
After  6th  Week 

Epilation 

0 

/ 

/ 

Petechiae 

0 

/ 

0 

Necrotic  Gingivitis 
and  Pharyngitis 

0 

/ 

0 

Diarrhea 

/ 

A 

Pneumonitis 

0 

Letikopenia 

/ 

/ 

0 

^Lesions  do  not  contain  polymorphonuclears . 

**Lesions  contain  polymorphonuclears. 

1. 

Note;  1,  Nausea  and  vomiting  soon  after  the  bombing  were  frequent 
among  those  who  later  showed  other  evidences  of  radiation. 

2,  Fever  was 

a  common  finding 

in  all  groups  before  death. 

lif9 
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Fig.  1  (^) — Takatani.  1000  meters.  Patient  was  in  a  standing  position  ap¬ 
proximately  32  meters  from  a  window  indoors  in  a  military  barracks.  Upper 
torso  was  as  nude  as  in  the  photograph  but  he  was  wearing  tro\isers.  The  glass 
fragments  did  not  penetrate  the  clothing  but  only  the  upper  part  of  the 
body.  Aneurysm  of  radial  artery  (see  Fig.  2).  WBC  =  1300  on  24  September 
1945.  (Photo  File :#HP  151a.)  . 


) 


Fig.  2  (5H)— Tafetanl.  1000  meters.  Multiple  lacerations.  Aneurysm  of 
radial  artery  (see  Fig.  1).  (Photo  File  #HP  151b.) 


5’ig*  3  (5H)— Nurse,  Bed  Cross  Hospital.  Age  ?.  Female.  l800  meters. 

At  the  time  of  the  hombing  she  was  working  in  the  central  wing  of  the 
hospital  on  the  2nd  floor.  Secondary  injury  hy  splintering  glass.  Dis¬ 
location  of  left  wipist  emd  knee  Joint  with  fracture.  The  large  windows 
and  dangerous  glass  splinters  in  this  hospital  etre  illustrated  in  Fig.  2U 
(Section  3H).  (Photo  File  #HH  129. ) 


Fig.  U  (5H)--Naine  of  patient  unkncwn.  Age  ?.  1000  meters.  No  turns.  ; 

Laceration  of  left  eyetall,  left  infra -aTiricular  region,  and  left 
shoulder  by  splintering  glass.  WBC;  15  September,  2500;  20  September,  ' 
3500.  5  September,  enucleation  of  left  eyeball  on  account  of  suppurative 

process  extending  into  vitreous.  A  patient  of  the  Post-Office  Hospital.  • 
(Photo  File  #HE  200. ) 
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Fig.  5  (5H) — Toshl  Sasaki.  Age  23.  Male.  l400  meters.  At  time  of  ■bomb¬ 
ing,  lie  was  sitting  at  work  in  Toyo  Steel  factory.  Saw  flash,  and  began  to 
rise  when  blast  was  felt.  Sustained  secondary  injury  by  falling  beams.  , 
Injuries:  Incomplete  fracture  of  head  of  tibia  and  multiple  lacerations. 
No  nerve  injuiy.  Subsequent  ankylosis  of  knee  Joint.  No  impairment  of 
movement  of  feet  and  toes.  Leg  held  in  semi  fixed  position  on  account  of 
pain.  NBC  6200.  This  man  was  a  patient  at  the  Red  Cross  Hospital.  The 
supporting  beams  of  some  typical  Japanese  houses,  such  as  may  have  in¬ 
flicted  this  type  of  injury  are  shown  in  Figs.  20-22,  Section  (3H).  (Photo 
File  #HH  127.)  ;  , 


Fig.  6  (5H) — Telephone  pole  at  Meiji  bridge.  1300  meters.  Shadow  of  leaf 
pattern.  This  proves  the  brevity  of  the  period  of.  action  of  the  heat  rays, 
since  the  shadows  of  the  leaves  that  once  projected  above  the  present  new 
growth,  are  sharply  outlined.  The  heat  was  sufficient  to  withef  the  leaves 
but  did  not  kill  the  entire  plant.  (Photo  File  #BE  113b.) 
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B'ig*  T  (5H) — Gokoku  Shrine— Granite  Post  Shadows.  Effect  of  heat  rays  on 
granite.  The  affected  material  now  appeetrs  lighter  than  that  protected  by 
the  shading  effect  of  the  originally  upright  posts.  This  is  proof  that  the 
high  ten^erature  produced  its  effect  in  the  fraction  of  a  second  before 
the  posts  were  upset  by  the  blast.  Approximately  6^0  meters  from  the  actual 
point  of  e:qploeion  (airburst).  (Photo  File  #HE  112  (K).) 
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Fig.  8  (5H)— Prison  outer  wall  "Shadow."  2300  meters.  The  dark  color  of  the 
far  wall  is  its  appearance  before  the  e^loslon.  Much  of  the  lichen  has  been 
killed  in  the  path  of  the  heat  rays.  The  dead  lichen  has  a  very  light  grey 
color.  On  the  shaded  wall,  at  the  left,  in  its  living  state,  it  has  a  dark 
appearance.  (Photo  File  #HE  II5.) 


Fig.  9  (5H) — Prison.  Shadows  of  water  pipe.  Horizontal  shadow  cast  by  th,e 
transverse  pipe;  vertical  shadow  oast  by  the  projecting  lath,  to  the  right  of 
the  vent;  vertical  and  horizontal  shadow  cast  by  the  "L"  pipe.  Study  of 
these  "shadows”  gives  information  concerning  the  lateral  and  upward  angle  of 
the  center  of  the  explosion.  B7  triangulation,  the  position  of  the  center 
was  determined  from  such  data.  (Photo  File  #HE  ll4.) 


Fig.  10  (5H)— Gas  Tank.  2300  meters.  Shadows  produced  when  the  radiant  heat 
changed  the  paint  of  the  tank  from  black  to  grey.  Note  the  unburned  section 
of  the  asphalt  tank  at  the  left.  The  triangular  shadow  is  that  of  a  build¬ 
ing  that  was  destroyed  shortly  after  the  flash  by  the  blast.  (Photo  File 
#EE  120.) 
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Fig.  11  (5E) — 1700  meters.  Shadov  cast  by  the  windcw  frames  in  the  Post- 
Office  Savings  Bank.  People  in  this  building  were  said  to  have  been 
burned  through  the  window  glass.  (Photo  File  #HE  137 •) 
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Fig.  13  (5H) _ Shadow  of  ladder  hurned  on  gas  tank  at  Minami-oho,  appr^iir 

mately  2.2  kilometers  from  the  center  of  the  explosion.  (Photo  File  #HE  135*) 
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Fig.  14  (5H) — Gokoku  Shrine  (300  meters).  General  view  of  pedestal  of  a  guar- 
diem  dog  at  the  shrine.  Kie  granite  that  was  shaded  retains  it  polish  on  the 
left  side  of  the  pedestal  at  the  several  levels;  that  which  was  exposed  to 
the  radiant  heat  is  rough  and  light  in  color.  This  suggested  to  Japanese 
experts  that  at  the  surface  of  the  granite,  the  temperature  was  as  high  as 
2500°C.  (Photo  File  #HE  108.) 
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Pig.  15  (5H)— Gokoku  Shrine  (300  meters).  Sighting  along  the  line  of  Junction 
of  the  polished  and  roughened  granite  directly  toward  the  center.  Note  the 
triangular  metal  tower  near  the  point  above  which  the  bomb  exploded.  This 


was  sifted  from  the  opposite  side  in  Fig.  I8  (5H)  by  a 
(Photo  File  #HE  111  (K). ) 


similar  procedure. 


Fig.  l6  (5H) — ^Railing  near  top  of  Buaineas  Men's  Club  (300  meters).  The 
railing  has  cast  a  double  "shadow"  caused  presumably  by  an  ut^ra-penumibra 
effect  of  the  "ball  of  fire . "  The  broad  pale  line  nearest  the  observer 
represents  the  umbra,  the  darker  line  is  the  penumbra.  That  these  effects 
are  not  artefact  is  shown  by  the  fact  that  the  line  stops  near  the  left  of 
the  photo  at  a  point  corresponding  to  the  shadowing  effect  of  the  upright 
wall  at  the  left.  (Photo  File  #HE  llSb.) 
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Fig.  IT  (5H)— Bantai  Bridge  (1000  meters).  White  "shadows"  left  when  the 
surface  of  the  asphalt  was  darkened  by  the  heat  waves  produced  by  the  ex¬ 
plosion.  (Photo  File  #HE  100.) 
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Fig.  l8  (5H)--Bantai  Bridge  (1000  meters).  The  "shadow,”  centered  upon  the 
upright  which  produced  it,  points  directly  toward  the  center  of  the  e:q)lo- 
Sion.  Coii5)are  with.  Fig.  I5  (5H),  where  the  triangular  steel  tower  near  the 
center  is  seen  from  the  opposite  side.  (Photo  File  #BE  102.) 


Fig.  19  (5H)— Baatai  Bridge  (1000  meters).  "Shadow"  of  a  human  being  on 
the  asphalt  of  the  bridge.  (Photo  File  ^BE  103.) 
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Fig.  20  (5H)--Bantal  Bridge  (1000  meters).  Same  as  Fig.  I9,  outlined  in 
chalk.  (Photo  File  #HE  105.) 
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Fig.  21  (5H)--Bantai  Bridge.  Man  standing  on  the  outlines  of  the  footprints 
shown  in  Fig.  19.  Photographed  in  flat  light.  (Photo  File  #BB  104.) 
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Fig.  22  (5H) — ^Bantal  Bridge.  "Shadows'*  of  a  cart  and  human  "beings 
(Photo  File  #HE  106.) 


Fig.  23  (5H)--Bantai  Bridge.  "Shadows"  shown  in  Fig.  22,  outlined  in  chalk. 
(Photo  File  #BE  107.) 
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Fig.  24  (5H)—''Flas]i  burns,"  effect  on  orange  (2600  meters).  This 
is  analogous  to  the  burning  and  subsequent  scarring  in  the  humAn  skin. 
The  burn  in  this  instance  did  not  penetrate  deeply  enough  to  kill  the 
plant.  (Photo  File  #HE  139.) 
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Fig.  25  (5H)--Ilda.  Age  ?.  Male.  2000  meters.  (See  Figs.  26  and  27.) 
Mild  keratitis  and  conjunctivitis.  This  was  one  of  the  few  patients  in 
whom  the  lesion  persisted  until  October  (8  weeks  after  the  bombing). 
(Photo  File  #HP  l45c.) 


Fig,  26  (5H)— Ilda.  Age  ?.  Male.  2000  meters.  Patient  was  in  a  run¬ 
ning  position  dressed  in  military  uniform.  Rays  received  from  left  emd 
anteriorly.  Slight  keratitis  of  both  eyes  (see  Fig.  25).  (Photo  File 
#HP  145b.) 
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Fig.  27  (5H)— lida.  Age  ?.  Male.  2000  meters.  Patient's  head  pro¬ 
tected  hy  hat  (compare  with  preceding  figure).  Shading  of  submandibular 
region.  Clothes  protected  the  lower  portion  of  the  neck.  Note  the  inr 
tense  mask-like  pigmentation  common  at  this  distance.  The  pigment  is 
most  Intense  at  the  margin  of  the  lesion.  Just  outside  of  the  skin  it  is 
even  paler  them  elsewhere.  (Photo- File  #HP  l45a.) 


Fig.  28  (5H) — Kosugi.  Case  #0-11170-E.  Age  17.  Female.  I7OO  meters. 
Wearing  white  half -sleeved  shirt  and  white  slip  and  "black  mompe.  Flash 
"burns.  T^ical  profile  "burn.  Depigmentation  sharply  outlined  "by  pig¬ 
mented  tissues  in  a  very  narrow  band.  The  line  of  the  burn  extends 
upward  on  the  chin.  The  darker  material  in  the  peri-aural  region  is  not 
'pigmsnted  tissue,  but  is  a  crusted  exudate  and  keratin.  (Photo  File 
#HP117(K).) 
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Fig.  29  (5H) — name  and  distance  from  tomb  unknown.  "Flash  burn"  of  back. 

Note  that  the  long  hair  has  protected  the  patient's  head.  Crusting, 
i  cracking,  and  deirkening  of  the  skin.  The  burn  is  nevertheless  superficial 

and  edema  is  not  a  striking  feature.  Date  of  photo  probably  mid -August, 

I  but  exact  date  luaknown.  (Photo  File  #HP  140. ) 

I 
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5’iS*  30  (5H)““Nmi0  and  distance  unknown.  "Flash  hurn."  The  hums  seem 
deeper  than  in  the  preceding  figure.  The  short  hair  in  the  present  case 
did  not  protect  the  scalp.  Date  of  photo  prohahly  mid-August^  but  exact 
date  unknown.  (Photo  File  #HP  l42. ) 
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Fig.  31  (5H) — Sasomoto.  Case  #H-6o69-U.  Age  27.  Male.  l400  meters. 
Soldier,  stajiding  in  the  open,  clothed  in  hhaki  uniform.  "Flash  Bvirns," 
Depigmentation  at  center  of  "profile  bum."  Protection  by  collar,  with 
sharp  neck  line.  Double  contoured  margin  at  lower  border  of  the  burned 
areas  (hyperpigmentation-depigmentation) .  Scarring  in  region  of  elbow. 
(Photo  File  #HP  101  (K). ) 


Fig.  32  (5H)— Hayasiii.  .  Case  #H-6054-U.  Age  hi.  Male.  1500-2000  meters.,. 
Patient,  a  soldier  was  riding  a  bicycle.  Was  wearing  a  shirt,  trousers, 
shoes  and  stockings.  "Flash  Burns."  Typical  V-line,  of  burn  of  neck. 

Bvirn  beneath  the  clothing,  most  severe  where  tightly  stretched,  in  i>ath. 
of  the  ray,  as  at  right  shoulder  in  this  instance.  Shaded  ( supra-thyr oid ) 
portion  of  neck  is  spared.  Scarring  with  contracture  at  right  elbow. 

No  evidence  of  radiation.  (Photo  File  #HP  100  (K).) 
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Fig.  33  (5H)— Kamibara.  Case  #H-6079-U.  Age  l8.  Male.  2100  meters. 
"Flash  Burn."  Sharp  demarcation.  Scaling  and  some  scarring  over  most 
of  the  biirn.  Pigmented  outline.  Narrow  band  of  paler  skin  on  the  out 
side  of  the  line  of  pigmentation.  Epilation  in  the  burned  area.  Pro¬ 
tection  by  hat.  (Photo  File  102  (K).  ) 
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Fig.  3^  (5H)— Kambara.  Case  #H-60T9-U.  Age  l8.  Male.  2100  meters. 

Leg:  Typical  "flash  bvirn."  Depigmented  area,  red  at  center,  white 
marginally,  outlined  by  dark  brovm  narrow,  pigmented  band.  Narrow  zone  , 
of  depigmented  tissue  externally  of  this.  Scarring  with  keloidal  changes, 
at  center.  (Photo  File  ^EP  103  (K).) 
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Fig.  35  (5H)— Shinsho.  Case  #0-10282 -P.  Age  43.  Male.  1500  meters. 
Patient  out  of  doors  near  wooden  buildings.  Wearing  white  half -sleeved 
shirt.  "Flash  burns . "  Sharply  demarcated  "profile"  burn  of  arm.  No 
burns  of  the  skin  where  fingers  were  in  contact.  Coppery  red  slightly 
projecting  tissue  at  the  center.  Narrow  hyperpigmented  band  at  margin. 
Note  that  scarring  has  occurred  in  the  distal  portion  of  the  arm  where 
it  was  naked.  In  the  upper  arm  which  was  protected  by  white  shirting, 
there  is  no  scarring,  and  only  slight  depigmentation  near  the  center 
of  the  lesion.  (Photo  File  #HP  110  (K). ) 
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Fig.  36  (5H)--Takemoto.  Case  #0-1028l-P.  Age  49-  Female.  1400  meters. 
Flash  burns.  Left  side  of  face.  Bomb  to  left  and  anteriorly  of  patient. 
Deep,  chocolate  brcwn  mask  of  pigmentation.  Sharp  v-line  of  neck.  Burns 
over  left  deltoid  region.  Protection  by  shading  of  upper  part  of  neck. 

In  this  dark-skinned .patient  there  is  only  slight  depigmentation  in  the 
central  parts  of  the  lasion  without  scarring  and  particularly  dark  pig¬ 
mentation  elsewhere.  (Photo  File  #HP  109a.) 
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Fig.  37  (5H)— Takemoto.  Case  #0-1028l-P.  Age  49.  Female.  l400  meters. 
Flash  burns  (compare  with  36).  Eight  side  of  face.  No  burns  of  right 
shoulder.  Burns  of  face  extend  only  slightly  upon  the  right  side.  (Photo 
File  #HP  109b  (K). ) 
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Fig.  38  (5H)— Enami.  Case  #S-11259-Pr.  Age  30.  Male.  2300  meters. 
Patient  wearing  blue  long-sleeved  prisoner's  coat  and  shirt  and  a  blue 
cap  which  was  scorched.  "Bay  burns".  Typical  profile  burn  with  deep 
chpcolate -brown  pigmentation.  Very  sharp  outline.  Protection  of  upper 
portion  of  neck. by  mandibular  shading.  Note  that  nasolabial  groove  and 
lateral  nasal  groove  were  protected  by  the  projecting  adjacent  parts. 

No  burns  beneath  |;he  clothing  at  this  distance.  (Photo  File  #HP  112b  (K). ) 


Fig.  39  (5H)— Enami.  Case  #11259-Pr.  Age  30.  Male.  2300  meters.  "Flash 
burns.”  Mask  burn  of  right  side  of  face  and  neck.  Protection  of  sub -nasal 
and  sub -labial  regions  by  shading.  Patient  is  attempting  to  demonstrate 
this  point  by  retracting  his  lips  (see  Fig.  38).  (Photo  File  #HP  112a  (K), ) 
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Fig,  40  (5H)--0klda.  Prisoner.  Case  ^j«S-1136o-Pr.  Male.  Age  55.  2300  meters. 
Wearing  long-sleeved  blue  imdershirt  and  a  blue  cap  which  was  charred.  "Flash 
bxims."  Bomb  to  right  and  anteriorly  o:^  patient.  Typical,  dark  red-brown' 
"Mask."  Bums  of  the  projecting  deltoid  and  pectoral  regions.  Protection  by 
shading  of  sub -mandibular  regions.  (Photo  File  #HP  II3  (K) . ) 
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Fig.  h-1  (5H) — Narximl.  Case -#5- 11377 -Pr.  Age  ?.  Male.  2300  meters.  "Bay' 
■bums."  Dark  chocolate  brown  pigmentation  of  left  side  of  face.  Much 
slighter  pigmentation  of  the  upper  eyelids  as  compared  with  the  tissue 
just  beneath  the  brows.  Presumably  the  lids  were  closed  before  serious 
burning  could  occur.  Patient  is  raising  his  eye -brows  to  demonstrate  this 
point.  fPhoto  File  #HP  ll4  (K).)  . 


190 


Fig.  h2  (5H)— Maeda.  Case  fJiS-llSTS-Pr.  Age  40.  Male.  2300  meters. 
Frlsooer^  wearing  blue  coat  and  trousers.  Flash  bums.  Typical  "profile” 
bum.  Shading  by  mandible  and  collar.  Bums  of  the  deltoid  and  trapezius 
regions  over  which  the  clothing  was  tightly  stretched.  Characteristic 
pigmentation  (see  Fig.  ^3)*  (Photo  File  ^HP  115a  (K).) 


Fig.  43  (53) — Maeda.  Case  ^-11378-Pr.  Age  40.  Prisoner.  Male.  Plash 
bums  (close-up):  Detail  of  shoulder.  Mottled  depigmentation  in  central 
portions  where  the  hum  was  most  severe.  Hyperpigmentation  elsewhere, 
hut  again  there  is  a  narrow  zone  of  depigmentation  between  the  normal 
skin  and  the  burned  area.  (Photo  File  ^HP  115h  (K).) 


Fig.  44  (5H) --Naniba,  Case  ^H-1174l-0M.  Age  21.  Male.  Between  1000  and 
1500  meters.  Patient  wearing  Japanese  khaki  uniform.  Left  shoulder  hums 
through  clothes.  Depigmented  tissue  at  center,  surrounded  hy  zone  of  hyper- 
pigmentation,  which  in  turn  is  outlined  by  depigmented  tissue  that  blends 
with  the  normal  skin.  (Photo  File  #HP  122.) 
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Fig.  45  (5H)— Mlura.  Case  #H-6306-U.  Age  19.  Female.  1800  meters.  Stand¬ 
ing  outdoors  in  the  open.  "Flash  bum  of  face."  The  burned  area  in  this 
light -skinned  individual  is  bright  red  with  faint  red-brown  marginal  pig¬ 
mentation.  (Photo  File  104  (K).) 
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Fig'.  46  (5H)--Akamatsu.  Case  #0-1097-P-  Age  21.  Female.  l40O  meters.  Out 
of  doors  in  the  open.  Wearing  red-pattemed  silk  half-sleeved  blouse  and 
white  cotton  slip  and  nompei.  Blouse  became  charred.  "Flash  bums."  For- 
matlon  of  keloids.  Copper-red  tissue  at  center.  Dark  red-brown  hyperpigmented 
zone  at  margins  of  the  lesions  in  this  light-skinned  patient.  Some  protection 
afforded  by  seams  of  the  blouse  and  by  straps  of  the  landergarment  or  mompe . 
(Photo  File  #HIJ  111a  (K).)„ 


Fig.  4?  (5H)— Akamatsu.  Case  #10976-P.  Age  21.  Female.  l400  meters.  "Flash 
hums."  Close  up  of  Fig.  46.  (Photo  File  5^HP  lllh  (K).) 
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Fig.  48  (5H)-“Puchlinoto.  Case  #H-11739-OM.  Age  21.  Male.  IOOO-I5OO  meters. 
Outdoors  in  the  open  wearing  military  mifom,  hat  and  shoes.  Some  hums  of 
hack  through  the  clothing.  Slight  epilation.  WBC  on  28  August  were  2400j 
WBC  on  5  November  were  5400.  Typical  "profile  bum"  with  depigmentation  and 
scarring.  (Photo  File  #HP  120.) 
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Fig.  49  (5H)--Sano.  Case  #H-11725-0M.  Age  23.  Male.  1000  meters.  Out  of 
doors  in  open.  Wearing  soldier's  uniform,  hat  and  shoes.  Typical  profile 
hum.  Chondritis  of  ear,  with  scarring.  Bums  also  through  khaki  viniform 
in  scapular  region.  Epilation  20  August  1945,  well  on  way  to  regeneration  on 
28  Novemher  1945.  WBC  28  August  were  1200;  on  5  November,  5400.  (Photo 
File  #HP  119.) 


Fig.  50  (5H) — ^White  Japemese  rice  paper  with  hlack  characters  charred 
through  as  a  result  of  selective  absorption  of  heat  rays  at  2300  meters. 
Japanese  characters  say  "Arai  House."  This  was  the  name  plate  of  teacher 
Aral  on  the  door  of  his  classroom.  (Photo  File  #HS  104.) 
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;  Fig.  51  (5H) — Eawamura.  Case  =§S-920k~0X! .  Age  21.  Female.  16OO  meters. 

Eayon  blouse.  Action  of  heat  rays.  Charring  and  scorching  of  dark  blue 
portions  of  the  polka-dot  pattern;  minimal  effect  on  the  vhite  background. 

Note  that  some  of  the  polka-dots  have  been  completely  burned  thro\igh.  ' 

Others  are  partly  scorched.  The  patient  was  also  wearing  a  white  slip 
and  black  mon5>e.  Second  degree  bums  were  sustained  of  the  chest  and 
:  of  the  exposed  face,  right  forearm,  and  hand.  (Photo  File  ij>SS  101  (K).) 
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Fig.  53  (5H)--Shibata.  Case  |S-10034-N.  Age  21.  Female.  l800  meters. 
Cotton  blouse.  Pattern  of  red  roses  with- green  leaves  on  light  pink  back¬ 
ground.  Action  of  heat  rays.  Charring  and  scorching  of  red  portions  of 
the  i)attem.  Less  effect  on  the  green  emd  least  effect  on  the  white  back¬ 
ground.  This  probably  results  from  darkness  of  shade,  rather  than  color. 
Patient  was  also  wearing  a  white,  long  slip  and  black  and  white  mongje  whose 
black  parts  were  partly  charred.  Second  and  third  degree  bums  occurred  on 
the  exposed  parts  of  the  left  arm  and  beneath  the  charred  portions  of  the 
cloth.  These  multiple  small  bums  had  become  confluent  on  account  of  infec¬ 
tion  and  had  healed  by  the  time  the  photograph  of  the  blouse  was  made. 

There  were  bums  also  on  the  left  thigh  beneath  the  charred  cloth  and  on  the 
exposed  portions  of  the  left  arm  and  left  side  of  the  face.  (Photo  File 
#BS  102a  (K).) 
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*  Fig.  5^  (5H)-^Shibata.  Case  ifS-1003^-n.  Age  21.  Female  l800  meters. 

^  bloiise.  Close-up  of  sleeve.  (Photo  File  102b  (K).) 


Cotton 
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Fig.  55  (5H) — Uehio.  Age  ?.  Female.  "Flash  bxxrn"  of  hack  reproducing 
the  pattern  of  the  clothes.  The  darker  portions  of  the  material  have  ab¬ 
sorbed  more  heat  which  has  produced  the  linear  bums.  A  portion  of  the 
actual  garment  the  patient  was  wearing  is  shown  in  the  next  illustration. 
The  darker  material  has  become  charred.  Note  that  the  bums  of  the  ex¬ 
posed  parts  of  the  face  and  arm  are  much  more  severe  than  the  skin  beneath 
the  cloth.  The  distance  of  this  patient  from  the  bomb  is  unknown.  (Photo 
File  #HP  138a.) 
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Fig.  56  (5H)— Ushio.  Age  1.  Pemale.  A  portion  of  the  patient's  blouse. 
The  darkest  parts  of  the  pattern  have  become  charred.  Compare  with  pre¬ 
ceding  figure.  (Photo  File  #HP  138b.) 
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5'ig*  57  (5H) — Kitsunai.  Case  #O-8330-P.  .Age  20.  Female.  1200  meters. 
Indoors  on  top  floor  of  four-story  building.  '*Plash  bums”  and  healed 
lacerations.  Patient  clothed  in  the  outer  garment  she  was  wearing  at  the 
time  of  the  explosion.  Charred  portions  of  the  kimono  have  fallen  away. 
The  lighter  lozenges  of  the  pattern  are  relatively  resisteuit  to  the  char¬ 
ring.  Note  that  the  bums  have  occurred  where  the  clothing  was  tightest, 
with  no  particular  relation  to  the  intensity  of  the  charring  effect  on 
the  garment.  This  is  obvious  in  the  case  of  the  loose  sleeve  over  the 
mid-portion  of  the  upper  arm  where  charring  has  occurred,  but  where  there 
are  no  bums  of  the  skin.  (Photo  Pile  #HP  108a  (K).) 


Fig.  58  (5H) — Kitsunai.  Case  #0-8330"P*  Age  20.  Female.  1200  meters. 
"FleiEih  turns-."  Eelation  of  bums  to  charred  portions  of  clothing.  Bums 
are  most  extensive  where  clothing  was  tightest  (deltoid).  Protection  by- 
strap  of  underclothing  and  by  seam  of  the  kimono  over  right  shoulder. 
Intense  pigmentation  with  little  scarring.  JJote  also  multiple  small 
healed  lacerations  produced  by  flying  glass  which  penetrated  the  heavy 
garment.  (Photo  File  #HP  108b  (K).) 
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Fig.  59  (5H)— Autopsy  Key  #23.  Satoi.  Case  #H-6l76-U.  Age  20.  Male. 
1000  meters.  Died  31  Aixgiist  19^5*  Epilation  began  27  August,  followed 
by  petecMae  and  fever.  WBC  on  29  A\igust  =  3>330  and  bleeding  time  =  28 
minutes.  WBC  on  31  August  =  45  and  EBC  =  2.30.  (Photo  File  #HP  144.) 
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Fig.  60  (5H)— Hashimoto.  Case  ^H-6l35-U»  Ags  21.  Male.  1000  metere. 
Indoors.  Epilation  appeared  on  l8  August.  Gingival  hemorrhages  and 
petechiae  of  skin  began  on  29  August.  Step-like  rise  of  temperature 
■beginning  on  31  August.  Necrotizing  tonsillitis  noted  on  1  September. 
Delirium  on  2  September  and  death  on  3  September  19^5*  Laboratory 
data  on  3  September;  EEC  2.08.  Hgb.  4o^.  WBC  1900.  Platelets  10,400. 
Bleeding  time,  46  minutes.  Photo  taken  two  hours  before  patient  died. 
(Photo  File  #HP  135.) 
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Pig.  6l  (5H) — Ogami.  Age  ?.  Male.  1000  meters.  Necrotizing  and  hemor 
rhagic  gingivitis,  epilation,  petechiae.  (Photo  Pile  #HP  137.) 
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Fig.  62  (5H)— Okita.  Male.  Age  214-.  Case  #H-6011-U.  Healing  gingivitis. 

There  are  some  grey  zones  of  scarring  on  the  gums,  which  are  still  slightly 

swollen  hut  no  longer  painful.  Gingivitis  began  on  30  August,  with  pain  and 

redness,  but  no  bleeding  until  ll  September.  Thereafter  the  lesion  partly  ; 

healed.  Patient  discharged  from  UJina  Hospital  on  4  October.  There  were 

still  some  superficial  ulcers  of  the  buccal  mucosa  when  he  was  seen  at  his 

home  on  24  October.  (Photo  File  ifHP  124b  (K).)  | 
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Fig.  63  C5H) — Autops7  Key  #^2.  Moriseko.  Case  #1-6003-17,  Age  33-  Male. 

1200  meters.  Died  6  September  19^5,  32  days.  Necrosis  and  hemorrhage  of 
tongue,  petechiae  of  skin  (l  day’s  duration).  Epilation  (11  days’  duration). 
WBC  on  27  August  =  9OO.  Platelets  on  31  August  =  22,900.  (Photo  Pile 
#HP  139.) 


Fig.  64  (5H)--Maekawa.  Case  #H-6730-U.  Age  25.  Male.  6OO-7OO  meters. 
Indoors  on  second  story  of  2-story  Japanese  building. '  Nausea  and  vomiting 
began  on  day  of  bombing.  Epilation  began  20  August.  WBC  at  end  of  August 
was  6400.  Lowest  recorded  WBC  4300  on  24  October  1945.  Slight  downy 
regrowth  of  hair  has  already  begun.  Compare  with  Fig.  65.  (Photo  File 
#HP  105a.) 


* 
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Fig.  65  (5H)— Maekawa.  Case  #H-6730-U.  Age  25.  Male.  60O-7OO  meters. 
Epilation,  partial  regrowth  of  hair.  Compare  with  photo  of  25  October  19^5 
(Fig.  6k).  (Photo  File  #HP  105b.) 
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Fig.  66  (5H)— Kajiyeuna.  Male.  Age  29.  8OO  meters.  Standing  Indoors  in 
Japanese  ‘building.  Epilation  "began  on  26  August.  The  hair  is  downy.  Note 
that  there  is  loss  of  the  hair  upon  the  nape  of  the  neck,  as  elsewhere. 
Nevertheless  individual  fine  hairs  are  present  everywhere.  There  are  no 
coarse'  hairs  as  shown  in  the  next  photograph.  The  dark  spots  on  the  scalp 
are  moles,  not  petechlae.  (Photo  Flie  fEP  ll8a.) 


Fig.  67  (5H)— Kajiyama.  Case  #H-6077-U.  Age  29.  Male.  8OO  meters.  Standing 
indoors  in  Japanese  building.  Epilation  began  26  Augxist.  Partial  regrowth  of 
hair.  Compare  with  Fig.  66  (25  October  19^5).  The  strong  new  hairs  are  widely 
and  viniformly  scattered  over  the  head.  (Photo  File  ll8b  (K).) 


Fig.  68  (^H) — Kadono.  Case  ^-7272-UJ.  Age  l4.  Female,  90O  meters.  j 

Sitting  out  of  doors  behind  a  stone  gate  or  column  1.^  meters  high.  Epila-  | 

*  tion  in  l4  year  old  girl.  Slight  burns.  She  had  the  least  radiation  j 

*  effect  in  her  class  of  ^5  girls,  all  but  six  of  whom  had  died.  WBC  on  I 

10  November  were  85OO.  (Photo  File  ^HP  II6.)  | 
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Fig.  69— (Photo  File  #HP  163. ) 


•1^ 


218 


t 


W  m  NAKANE,  MALE,  AGE  31,  CASE  H-106I9-I 

f  *  «* 

*  « 


■  OOTSUKA  ,  MALE,  AGE  27,  CASE  H-  10622-1 

«  «  4!  ' 

♦  '•> 


lE^saHnmgEiBii 


zttii: 


!f8|l89IIOO|  198 

IJJ  J  I  1  ri  8 


119 

7 


V(  II  KUMANO,  MALE,  AGE  gg,  CASE  ”  H-  lOSSS-  I 
^  « 


W  *  KWR-AWCHI,  MALE,  AGE  SI,  CASE  H-I0S45- 

li 


Section  5N  < 

CLINICAL  OBSERVATIONS  IN  NAGASAKI 

Prepared  by  George  V.  LeRoy,  Lt,  Col,,  I® 

Data  Collected  by  Elbert  DeCoursey,  Col,,  MC,  George  V,  LeRoy,  Lt, 

Col,,  MC,  Heriiian  Tarnower,  Major,  MC,  Samuel  Berg,  Major,  1C, 

John  J.  Flick,  Major,  MC,  Henry  L.  Barnett,  Capt.,  MC,  J.  Thornton 
Perry,  Capt,,  MC,  and  the  Japanese  Members  of  the  Joint  Commission 
Team  in  Nagasaki 

Q^neral ;  A  review  of  the  types  of  injuries  caused  by  the  explosion  of 
the  atomic  bomb  in  Nagasaki  will  be  presented  in  this  section.  Particular 
attention  will  be  directed  to  the  novel  type  of  casualty  caused  by  the 
gamma  rays  emitted  during  the  explosion.  The  emphasis,  necessarily,  must  be 
plaoed  on  the  diagnosis  and  the  course  of  the  syndrome  of  radiation  injiiry, 
since  the  American  Medical  Officers  did  not  arrive  on  the  scene  early  enough 
to  acquire  personal  experience  in  treatment. 

The  approach  to  the  clinical  discussion  of  the  casualties  will  be  pri¬ 
marily  etiologic.  It  is  known  that  the  principle  products  of  the  explosion 
of  an  atomic  bomb  are: 

a.  Mechanical  energy,  or  "blast”. 

b.  Thermal  energy «  which  as  used  here,  includes  both  heat,  and 
light.  The  normal  components  of  sun-light j  infra-red  radiations,  visible 
light;  and  xiltra-viplet  radiations,  were  emitted  in  the  atomic  "explosion". 

The  spectrum  of  the  "light":  that  was  produced  is  said  to  have  resembled,  if 
it  was  not  identical  with  sun-light,  ; 

Energy,  of  ionizing  radiation,  which  as  used  here  incliides  only 
neutrons  and  gamma  rays.  In  the  reactions  attending  nuclear  fission, alpha 
and  beta  rays  are  also  emitted;  , but  the  elevation  of  the  airbupst,  and  the 
physical  properties  of  these  particles  are  of  such  a  nature  that  physicists 
are  certain  that  neither  reached  the  ground. 

With  this  simple  scheme  it  is  possible  to  classify  the  casualties 
that  occurred  as: 
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a#  MechciiiCGl  iiijurica* 
bo  Thesssal  injuries* 

0*  Radiation  injuries. 

In  mai^  of  the  patients  any  coEibiiiation,  or  all  three  forms  of  injusy  ■trere 
susrtaiaed.  The  primary  type^i  or  types,  of  injury  were  cca^jlicated  in  iaany 
instances  by  infootiono,  the  consequ^ces  of  tho  loss  of  blcod  and  the  nu¬ 
tritional  daficiencies  that  2*esulted  from  the  altered  economic  conditions  in 
a  defeated  country  and  a  parblally  destroyed  conaauniiy*  Prom  a  olinical  stand¬ 
point  it  is  neither  possible,  nor  appropriate  to  airtes^  a  separate  consider¬ 
ation  of  the  m^y  complications  ths.t  were  observed*  Accordin^y,  they  rdll  bo 
treated  as  an  inevitable  feature  of  tho  •various  types  of  injury.  These  ccsss^ 
plications,  and  the  coeodscence  of  the  three  sorbs  of  injincy  have  made  'the  pre- 
sexxtation  difficult j  and  it  has  seemed  dosirabl©  to  over-simplify  the  situatima 
wherever  possible* 

At  the  time  that  the  U*  S.  Ansy  and  U*  S.  Ha-gy  Uedical  Officers  of  the 
Joint  Caismiseicn  arrived  in  Nagasaki  (30  Septiimi>er  1945)  most  of  tho  sevor^ 
injured  patients  had  died,  osid  the  majority  of  those  available  for  study  were 
in  some  stage  of  convalescence*  The  clinical  data  for  the  poriod  of  illness 
prior  to  30  September  viiich  was  used  in  the  preparation  of  this  section  xias  all 
obtained  from  the  Japanese.  Uospital  and  diepensaxy  records,  avitopsy  protocols, 
clinical  reports,  and  conversations  with  tho  physicians  xdio  attcaided  the  casual¬ 
ties  Trtsre  the  original  sources  of  iafozsaation*  The  questionnaires  v^ch  \rero 
coi^^Qted  by  the  convalescents  and  by  the  patients  viio  Isad  recovered,  vrere  a 
useful  source  of  data.  Those  auosbionnaires,  as  w^.  as  ones  v«hich  tserc  trans- 
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cribed  from  satisfactory  hospital  records  and  ones  completed  for  xminjured 
survivors,  numbered  about  6700.  They  were  submitted  to  a  thoroxigh  study 
in  the  Office  of  The  Air  S\n:*geon,  U.S.A,,  the  results  of  which  are  described 
in  the  statistical  section. '  Excerpts  from  this  study,  the  Japanese  source 
material,  and  the  personal  observations  of  the  writer  and  his  colleagues  form 
the  basis  for  the  synthesis  which  is  offered.  It  has  been  a  curious  problem 
to  describe  injuries,  and  the  nat'ural  history  of  a  new  disease,  which  one 
knows  only  in  the  convalescent  stage,  and  by  heresay,  and  from  the  examination 
of  biopsy  and  autopsy  material. 

In  the  sections  of  the  Report  which  dealt  with  the  blood,  the  bone  marrow, 
and  the  pathology  of  the  syndrome  of  radiation  injury,  the  material  from  the 
two  cities  was  presented  Jointly,  It  was  assvimed,  and  there  was  good  evidence 
in  the  material,  that  the  effects  of  gamma  rays  on  tissues  were  qualitatively 
similar  in  each  group  of  casiaalties.  In  the  course  of  studying  the  more  copious 
and  detailed  material  relating  to  the  clinical  features  of  the  patients,  there 
appeared  to  be  some  difference  between  the  groups  from  each  city.  Rather  than 
attempt  a  reconciliation  of  these  differences,  it  seemed  preferrable  for  the 
members  of  the  Joint  Commission  who  had  worked  in  each  city  to  present  separate¬ 
ly  the  clinical  pictrire  as  it  appeared  to  him  and  to  his  associates.  The  syn¬ 
drome  of  injury  due  to  total  exposure  of  the  human  body  to  gamma  rays  is  entire¬ 
ly  novel.  Since  there  is -no  ear3,ior  report  in  the  medical  literature  of  the 
course  of  individuals  so  .exposed'j  ai^  since  it  is  problematic  when  or  whether 
other  cases  of  this  type  of  injury  will  occur, it  seems  perfectly  proper  to 
present  .the  available  material  .in  as  great  detail  as  possible. 

2,  Mechanical  Injuries;:. 

Incidence;  The  nature  of  the  data  available  to  the  Joint  Commission  is 
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eucii  that  It  ie  3i2.possi3:iLo  to  preccjit  precise  isafoissatioa  cm  aay  oS  tho 
fallo-itiiTg  poitrbn: 

a*  She  total  maiSjcr  of  psa'sone  rdio  received  mechanical  injuries* 
b*  She  total  nim&er  of  persons  ;*os©  only  injury  tias  due  to  me¬ 
chanical  causes* 

Co  She  incidence  of  various  sorts  of  nechaaicol  injuries  in 
either  of  the  foregoing  groups* 

do  The  percraatage  of  deaths  duo  solely  to  mechanical  injuries* 
o*  She  percoKcfcage  of  deaths  in  x^tients  vdio  had  mechanical  in¬ 
juries^  ae  w^ll  as  injui’ies  of  other  sorts* 

This  inforanation  could  only  have  been  obtained  by  the  Japanese^  since  the 
majority  of  deaths  occurred  before  the  arrival  of  members  of  the  U*  S*  Asraed 
Forces*  The  rcmarlcablo  disor;^aniBation  of  Japanese  military  and  civilian 
medical,  personnel  is  reflected  in  their  SaSlvsTo  to  collect  adequate  records 
of  the  causes  or  tho  circumstasnceo  of  the  deaths  due  to  the  atomic  bribing* 

The  incidence  of  mechanical  injury  in  the  survivors  in  each  ring  gtoT>f»  is 
shown  on  figure  1*  She  data  vrero  obtained  from  the  qucsticauudrosjj  and  the 
analysis  of  tho  relation  of  injury  to  location  is  presented  in  the  Statistical 
Section*  The  data  recorded  on  the  questionnaires  permitted  a  divisiw  of 
mechanical  injuries  into  "sovoro”  and  "moderate"  categories*  She  latter  groi^ 
consisted  of  sin^e  lesions^  abrasions^,  contusions  and  fractures  of  aaall  bones* 
She  percentage  Of  the  "rinjured"  survivors  \vho  had  moderate  mechanical  injux'ios 
was  5h»7^5  and  the  iccldcinco  of  severe  injuries  ms  45*3^*  Shis  information 
is  not  very  useful,  and  is  of  no  hdLp  in  clarlfy.ing  ary  of  the  points  referred 
to  abo\rec 
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Tho  records  of  the  Qsjus*a  Hoval  Hospit:iX.  provide  the  only  oomplcrt© 
brealcdoTm  of  the  diagnoseo  oiid  the.outccaic  of  a  large  series  of  patients* 


Tho  data  from  there,  for  the  period  9  -  13.  Augiist,  are  shoran  in  table  1* 
There  is  no  group  of  radiation  injuries  for  none  v;ero  recognised  at  that 
timo.  The  p^ceotage  of  patients  xvitlv  mechanical  injuries^  71,3?lj  and  the 
peresatage  in  tAicaa  this  iTas  the  only  injusy,  37*6^  ehoiad  not  be  considered 
as  certainly  rt^resenbativo  of  the  conditions  that  existed  in  Hagasald.* 

The  patiex&s  in  this  series  ?/ero  evacuated  by-  hospital  train  from  the 
Urakaon.  Station,  close  to  the  center  of  the  -  eo^lpsion*  It  is  hot  Tfni>Tgn 
\^ihethor  there  vias  any  selection^  or'  priority  for  evacuation}  althoxs^  tho 
hl^  fatality  pate,  fi6%,  tirouLd  indicate  that  tho  severely  injured  loust  have 
been  chosen*  -  ‘  bo  ■ 

The  fatality  rate,  10«9J2,  for  patiiaits- had  only  mechanical  injuries 
ms  cestainLy  wo  lowi  '  This  rate  apiliedybniy  to  patients  t^o  were  able  to 
escape  from  the  debris  of  the  damaged  areas,  and  cannot  include  the  ones  vAo 
‘Here  trapped  in  the  weekage,  or  tdio  died  instantly  from  rnmnds* 


la  the  report  of  the  Ccaaraanding  Offioer  of  the  2L6  Field  Ho^ital  (t«B5>- 
oraiy)/^^^,  the  percentage  of  patients  with  trounds  vas  given  as  705S,  There 
are  no  records  available  to  permit  verification  of  this  estimate*  Among  the 
injured  eurvirors  for  t^om  questionnaires  iTsre  completed,  64*7^  had  received 
aeohanieol  injuriies*  These  data  ore  Usouosed  in  detail  in  the  statistloal 
seolMi  ■  '  b  ■’ ' 

Althou^  it  is  by  no  means  eonelueive  evidence,  the  recurrence  of  the 
value,  d5«  *  70^,  for  the  incidence  of  mechanical  injuries  In  thr^  large 
groups  of  patients,  seeip  to  suggest  that  this  is  probably  the  best  esti¬ 
mate  available. 

(1)  Appoidix  4  U  ~(5) 
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TABLS  1 


OMURA  NAVAL  HOSPITAL 


DiAfflIOSIS  AND  O^TGOI^E  OF  PATIENTS 
ADiaTTH)  BETtlEEN  9  13  AUGUST 


DIAGNOSIS 

ADMISSKHS 

PER  CENT  OF 

NO.  ALL  ADMISSIONS 

NO. 

PER  CENT 
VfliO  DIED 

DEATHS 

PER  CENT  OP 
ALL  DEATHS 

1* 

3§^ 

1? 

I0«9 

g,  only 

m 

Is 

8| 

|2 

I7s7 

a9e0 

Petals 

I@Q«@ 

113 

3^9  80 

MIL  Wsyndi 
(a  pltt§  3) 

/i/t  iL 

, ,  m^i 

It  is  tmfortunato  that  tiio  Hep-rt  of  a  casualty  stucjy  is  unable  to  pro¬ 
vide  accurate  data  on.  the  dnciclenco  and  the  approximate  fatality  rate  of 
each  type  of  injury, 

Stiologic  Factors:  In  a  dd-scussion  o.f  the  typo  of  ilnjm'ics  resulting  from 
the  explosion  of  substances  like  TNT,  or  the  usual  missite  of  war,  it  is  cus¬ 
tomary  to  subdivide  them  into  five  categories  as  follcwis: 

a)  Priiasr.y,  or  air  blast  injuries.-  The  single  type  of  lesion  uniformly’ 
present  is  "bruising  and  rupture  of  the  lungs", (1)  Other  lesions  occur  in 

the  viscera,  the  central  nervous  system,  and  the  auditory  apparatus. 

b)  Primary,  or  flash  burns. 

c)  Secondary  injuries,  due  to  portions  of  the  casing  vdiich  contained  the 
explosive. 

d)  Secondary  Injuries  due  to  fragmeaats  of  stono,  buildings,  vehicles,  etc, 
violently  displaced  by  the  explosion.  This  category  includes  injuries  caused 
by  the  collapse  of  buildings,  etc. 

e)  Secondary  In.luries,  incurred  mhsn  the  victim  is  violently  displaced, 
and  strikes  the  ground,  buildings,  and  other  objects, 

iDi  the  case  of  an  ordinary  explosive,  like  a  large  aerial  bomb,  the  blast 
consists  of  two  phases:  a  positive,  or  eonpression  phase,  with  a  duration  of 
the  order  of  0.006  seconds;  and  a  negative,  or  suction  phase,  vdth  a  duration 
of  the  order  of  0.03  seconds.  The  blast  wave  that  is  formed  is  a  very  fast, 
intense  sound  wave,  which  quickly  slows  down  to  the  speed  of  sound.  Its  In- 
teneity  decreases  as  the  square  of  the  distance.  The  peak  pressures  which 
can  be  measured  may  be  of  the  order  of  f>0  or  more  atmospheres.  (2). 

(1)  Hooker,  D.R.,  "Physiological  Effects  of  Air  Concussion", -Am.  J.  Physiol. 

67s  219-274,  Jan.  1924. 

(2)  Corey,  E.  L.  "liedical  Aspecte  of  Blast",  U.S.  Naval  Ued.  Bull.  46s 
626,  1946. 
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The  pressure  in  tlie  negative  phase  can  never  exceed  one  atmosphere.  Im¬ 
mediately  surrounding  the  explosion  there  is  a  "zone  of  brisance"  whose  size 
varies  with  the  amount  and  character  of  the  change.  Inside  this  zone, 
people,  buildings,  instilments,  etc.  are  disintegrated  and  the  pressures 
occurring  there  can  only  be  a  matter  of  conjecture.  Beyond  (and  including) 
the  zone  of  brisance,  there  is  a  region  in  which  the  heat  of  the  explosion 
causes  flash  burns.  In  the  case  of  a  charge  of  approximately  1000  lbs  of 
TNT,  the  "burn  zone"  has  a  radius  of  the  order  of  80-100  feet.  Patients  who 
are  outside  the  region  where  burns  can  be  received  seldom  have  air  blast  in- 
jxiries.  The  majority  of  the  wounds  due  to  high  explosives  are  secondary  in¬ 
juries  (c,  d  and  e)  caused  by  secondary  projectiles,  the  violent  displace¬ 
ment  of  the  victim,  or  collapsing  bxiildings.  This  brief  review  of  the  medical 
aspects  of  ordinary  explosions  has  been  presented  as  a  preliminary  to  the 
discussion  of  types  of  mechanical  injuries  that  were  caused  by  the  atomic 
bomb. 

Until  the  results  of  the  first  atomic  bomb  test  at  Bikini  are  available 
it  is  impossible  to  quote  accurate  figures  for  the  peak  blast  pressure,  the 
duration  of  the  blast,  or  the  amount  of  heat  evolved.  Some  usa  can  be  made 
of  the  calculations  by  Japanese  physicists  who  visited  the  two  cities.  The 
duration  of  the  blast  is  given  variously  ^s  from  0,01  to  0.1  seconds.  The 
peak  pressure  on  the  ground  directly  beneath  the  explosion,  and  at  various 
distances  from  the  point  were  calculated  by  Prof.  Tanaka  of  the  Nishina 
laboratory  and  are;  shown- in.  Table  2,  -  ;  . 

The  ability  of  pressure  of  .this  magnitude  to  cause  air  blast,  injury  of 
various  types  is  uhcertain.  It  is  said  (1)  that  at  least  15  atmospheres  of 

(l)  Personal  communication.  Prof.  S.  Zuckerman,  RAF  explosive  expert. 
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over-pressvire  received  face  on,  are  required  to  produce  typical  blast  injur¬ 
ies  to  the  lungs.  It  is  also  said  that  more  than  this  amount  (l)  is  re¬ 
quired  to  cause  rupture  of  the  intestines.  No  reliable  case  reports  were 
obtained  in  Nagasaki  of  patients  with  pulmonary  or  visceral  injuries  attrib¬ 
utable  to  air  blast.  One  eye  witness  report  has  been  widely  circulated  and 
exaggerated,  to  the  effect  that  some  of  the  dead  at  an  air  raid  shelter  300 
meters  from  the  center,  had  ruptured  eyeballs j  and  that  their  abdomens  were 
split  open  and  the  viscera  exposed.  A  member  of  the  Joint  Commission  in¬ 
terrogated  survivors  who  had  been  inside  the  air  raid  shelter  when  these  cas¬ 
ualties  were  reported.  He  verified  the  presence  of  the  dead  people,  but 
flatly  denied  the  reported  findings, 

TABLE  2  A 

BLAST  FRESSURE  GENERATED 
THE  ATOffiC  BOMB  -  NAGASAKI 
(1,0  Kg/cn^  equals  one  atmosphere) 


LOCATION 


mESSURE 


Below  the  bomb  6-8  YLg/cm 

2 

400  meters  from  center:  2,0  Kg/cm 

2 

500  meters  from  center:  ,  ’  1,0  Kg/cm 

1000  meters  from  center:  ~  :  0,130  Kg/cm^ 

The  occurrence  of  ruptured  ear  drums: was  the  subject  of  investigation 
because  of  interest  in  the  amount  of  over-pressure  generated  by  the  bomb.  In 
the  early  medical  reports  from  Nagasaki  there  are  no,  specific  data,  but  one 
frequently  encounters  in  Japanese  reportsi  the  stutement  that  there  were  only  a 
"few  patients  with  ruptured  tympani".  An  otologist  from  Tokyo  Imperial 


(1)  Corey,  loc.  cit.  The  reference  was  to  pressures  of  immersion  blast  required 
to  inipture  intestines:  the  values  found  were  in  excess  of  250  lbs,  per  sq, 
inch  (l6  plus,  atmospheres) 
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Univsraity,  Dr»  Kasliiwado,  etusjied  the  probleEi  asong  survivors,  during  October 
with  the  following  results.  (Sea  table  3B),  It  is  true  that  tliis  was  not  a  truly 
repreaaitative  s^ple,  but  it  is  the  beat  data  available  on  tlis  Incidence  of 
the  lesion.  There  vs&s  no  way  to  determino  whether  the  rupttires  observed  were  due 
to  the  atomic  bomb  or  to  the  detonation  of  explosive  material  of  one  sort  or 

c 

another. 

TABIE  3  B 
NAGASAKI 

INCIDMCE  OF  RUPfURH)  EAR  DRUMS  IN  SURVITORS 


DISTANCE  FROM  CMT£E.  METERS 

0-500  500-1000  1000  plus 

Total 

With  niptured  drums 

4 

10  „ 

. -0 

Without  ruptured  drums 

40 

115 

29 

Total  cases  examined 

44 

125 

29 

198 

Per  cent  with  ruptured  drums 

9,0 

8o0 

0 

7. 

The  amount  of  over-pressure  necessary  to  rupture  the  living  human  ear  drum 
is  not  definitely  known,  but  the  tiaa-honored  figure  of  7  pounds  per  square  inch 
(0.5  kg/cm^  tvould  appear  fairly  accurate,  at  least  as  regards  blast  In  eJjp"o  (2) 
In  practice  many  war  ships  have  lines  painted  on  the  deck  around  gun  posit ixsis 
to  indicate  the  distance  to  vhich  this  degree  of  pressure  occurso  In  the  report 
rendered  by  Kashiwado,  he  cited  the  work  of  Zalenski  (3)  cn  the  ear  drums  of 
cadavers*  Hydrostatic  pressures  in  excess  of  2  atmospheres  ruptxired  24^  of  the 

■o 

(1)  Appendix  4  N  (28) 

(2)  Corey,  loc.  cit. 

^3)  Zaitachn  f.  Ohren.  2$:  109,  1906 


drusi£5  between  1  sncl  2  atmospharee  .ruptiired  65«'5^  o>"  the  drums;  pressures 
of  varioxjs  amounts  less  than  1  atmosphere  ruptured  oiily  10;g;  and  the  Qoast 
pressure  which  as  effective  was  0.33  Kg/cm^.  The  correlation  of  these  data 
vJith  Kasbiwado's  findings  are  surprisingly  good. 

It  appears  from  the  foregoing  that  the  amount  of  ovsr-pressure  which 
accoiipanied  ths  blast  of  the  esqploding  atomic  bomb  caused  the  rupture  of  ear 
drums  in  some  patients.  The  apparent  absence  of  other  clinical  evidence  of 
air  blast  injury  is  in  accord  with  the  pressure  changes  cited  by  the  Japanese 
physicistse 

Jbst  as  in  the  case  of  other  high  eaq^losive  weapons^  the  majority  of 
the  c  asualties  that  occurred  in  Magasaki  were  secondary o  No  instance  was 
found  by  the  Joint  Commission^  and  none  was  reported  by  the  Japanese^  where 
injury  was  caused  by  fragments  of  the  metallic  housing  of  the  boid).  According 
to  one  of  the  physicists  (1)  the  heat  of  the  fission  reaction  was  so  intense 
that  all  the  matal  of  the  bomb  casing  was  vaporized  at  once. 

The  mechanical  injuries  that  occurred  were  secondary  injuries  of  the 
last  two  types  due  to  flying  debris^  falling  buildings,  etc.^  or  due  to  vl- 
oloit  displacement  of  the  patient  with  wounds  resulting  from  striking  the 
ground  or  other  solid  objects.  Of  the  latter  type  there  is  little  precise 
Information.  Nany  of  the  eye  wltnosseo  described  being  tlirown  to  tiie 
ground  or  being  blown  across  a  room.  However,  among  the  questionnaires  ool~ 
lected  from  3300  injured  survivors,  there  were  very  few  in  whom  the  wotinda 
attributed  to  violent  displacement  were  more  serious  than  abrasions  or  con- 
tu8ions.(2)  None  of  the  patients  with  fractures  attributed  them  to  the 

(1)  Personal  conummication,  Profo  V.  F.  ¥/eiskopf,  Massachusetts  Institute 
of  Technology, 

(2)  See  Appendix  3N 
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results  of  being  thrown  about  by  the  blast. 

Since  nearly  all  the  mechanical  Injuries  were  due  to  the  collapse  of 
or  damage  to  the  various  types  of  buildings,  it  is  of  interest  to  learn 
the  degree  of  violence  with  which  the  damage  occurred.  The  contemporary 
accounts  provide  no  information  at  all.  There  is  no  record  of  large  por¬ 
tions  of  bxiildings  or  trees,  or  pieces  of  machinery  being  blown  long  dis¬ 
tances  as  is  the  case  with  heavy  explosions,  like  those  of  ammunition  ships. 
The  engineers  with  the  British  Mission  to  Japan  (l)  stated  that  most  of  the 
debris  from  a  demolished  building  could  be  recognized  close  to  the  original 
sitej  and  that  there  was  no  sign  that  sizeable  fragments  were  blown  any 
great  distance.  One  bit  of  tangible  evidence  that  the  Joint  Commission 
discovered  that  demonstrates  the  violent  displacement  of  fragments  of  one 
sort  is  illustrated  in  Figure  2,  The  missile  shown  is  a  piece  of 

wood  which  was  blown  into  the  boards  of  a  fence.  The  fact  that  this  stick 
was  not  there  prior  to  the  atomic  bomb  explosion  is  indicated  by  the  absence 
of  a  shadow  similar  to  those  cast  by  the  weeds  which  grew  between  the  fence 
and  the  burst.  It  is  apparent  that  if  small  pieces  of  wood  were  hurled  about 
with  sufficient  force’  to  penetrate  a  board,  they  would  also  be  capable  of 
inflicting  serious  injury  to  a  person. 

It  is  as  difficult  to  enumerate  the  agents  which  caused  the  mechanical 
injuries  as  it  was . to  determine  the  number  and  variety  of  them.  The  reader 
will  do  well  to  consider  that  anything  which  entered  into  the  construction 
of  any  of  the  buildings  participated  in  the  production  of  the  injuries.  Ap¬ 
parently  the  most  numerous  type  of  injuries  was  due  to  flying  fragnents  of 

(l)  Report  of  -the  British  Mission  to  Japan,  War  Office,  classified, 

232 


12  (5M) 


glass.  In  sorae  of  the  patients,  the  number  of  lacerations  due  to  this  cause 
was  very  great  and  in  spite  of  the  small  size  of  the  individual  woiond,  their 
depth  and  multiplicity  created  a  serious  condition.  The  role  of  the 
various  types  of  building  in  the  production  of  casualties  can  be  shovm 
in  pictures  better  than  it  can  be  described.  See  Figures  3,4,5,6,7,8,9,10. 
The  graph  ia  Figure  11  shovrs  the  Incidence  of  mechanical  injwies  in 
people  who  were  inside  buildings,  compared  with  the  incidence  in  those 
who  were  outdoors.  This  subject  is  presented  in  detail  in  Section  9. 

The  tabulations  of  injuries  reported  by  the  survivor  group  do  not  give  a 
true  picture  of  the  situation,  Jfor  it  is  certain  that  the  most  severely 
injured  had  died  long  before  the  questionnaire  study  was  begun. 

In  general  it  may  be  said  that  the  typo  of  mechanical  injuries  incurred 
by  the  victims  of  the  atomic  bomb  depended  to  a  large  degree  on  the  sort 
of  buildings  which  they  occupied.  The  fatality  rate  and  the  casualty  rate 
for  different  types  of  buildings  totally  demolished  by  high  explosives  has 
been  determined  in  England, It  is  unfortunate  that  the  data  obtained  in 
Japan  is  not  sufficiently  detailed  to  permit  of  similar  calculations. 

There  is  one  aspect  of  the  meahanical  injuries  which  is  not  sumnarized 
in  the  statistical  section  but  which  deserves  general  comment:  namely  the 
role  of  wound-infection  in  increasing  the  disability  and  the  fatality  rate. 
The  disorganized  conditions  in  the  city,  and  the  destruction  of  the  Hospital, 
and  the  death  of  perhaps  one-half  the  medical  persoimel,  plus  the  deficiency 
of  sixlfonamides  contributed  to  the  development  of  a  situation  where  nearly 
every  wound  became  infected.  In  the  hospitals  that  were  visited,  screening 
of  the  wards  and  dressing  rooms  \m.3  not  practiced,  and  although  the  medical 

(l)  Report  of  HE  incidents,  Classified,  RAF  Reports, 
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attendants  manipulated  the  wounds  and  dressings  in  a  cleaaly  manner,  the  vtn- 
hygienic  environment  was  apparent.  Japanese  physicians  told  the  members  of 
the  Joint  Commission  that  wound  suppuration  was  very  frequent;  and  in  the 
patients  with  radiation  injiury  also,  it  was  nearly  universal.  The  effect 
on  the  death  rate  is  not  ascertainable.  An  interesting  fact  weis  tho  very  low 
incidence  of  tetanus  in  spite  of  the  inability  of  the  doctors  to  administer 
anti-tetanic  serum.  At  the  Qaura  Naval  Hospital,  there  were  only  3  cases  of 
tetanus .  among  758  patients  who  were  treated.  At  the  216  Field  Hospital 
(temporary)  in  Nagasaki  City  there  were  4  cases  among  the  350  patients  ad¬ 
mitted. 

SUMMARY 

1,  The  extent  to  which  mechanical  injuries  contributed  to  tho  total 
killed  rate  and  the  total  casualty  rate  cannot  be  determined  accurately. 

The  best  estimate  possible  is  that  64-70^  of  the  casualties  were  mechanical 
injiaries, 

2,  Over-pressure  due  to  air  blast  (or  concussion)  was  not  an  important 
cause  of  injury.  The  nmlmum  peak  pressure  was  of  the  order  of  8  atmospheres, 
an  amount  which  is  capable  of  causing  little  damage  other  than  ruptured  ear 
drums , 

/ 

3,  The  bulk  of  the  mechanical  injuries  vrere  of  a  secondary  type, 
of  these  the  majority  were  due  to  the  demolition  and  damage  of  buildings, 

4.  In  general,  the  nature  of  an  injuiy  was  determined  by  the  type  of 
building  responsible, 

5.  The  commonest  type  of  injury  was  laceration  by  small  fra^ents  of 
glass. 

6.  The  morbidity  and  the  mortality  due  to  the  wotuids  was  undoubtedly 
increased  by  the  very  high  incidence  of  wound  infection  that  occurred, 
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(3)  hifiurioa, 

jideiice:  The  type  of  data  available  to  the  Jcdht  CoffiExssion  was  such 
that  it  is  impossible  to  present  precise  information  <ai  any  of  the  following 
points: 

(a)  The  total  nuciber  of  persons  who  received  thermal  injuries, 

(b)  The  total  huirbar  of  persons  whose  only  injury  vjas  a  burn, 

(c)  She  incidence  of  flash  burns  and  flame  burns  in  each  of  the  foregoing 
groups. 

(d)  !Iiie  incidence  of  firsts  second  and  third  degree  bums  of  either  type, 
in  each  of  the  foregoing  groups, 

(e)  The  percentage  of  deaths  due  solely  to  one  or  the  other,  or  to  both 
types  of  bums. 

(f)  Tne  percentage  of  deaths  of  patients  who  had  bums,  as  well  ^  other 
sorts  of  injuries. 

(g)  The  percentage  of  burned  patients  who  had  radiation  injury,  and  the 
fataj-ity  rate  of  this  group. 

The  failure  of  the  Report  to  provide  any  of  this  infomation  with  a  sat¬ 
isfactory  dogt'ee  of  accuracy  is  a  serious  defect,  which  srust  be  attributed 
to  U’ii  inadeqitato  records  that  v^ere  kppt  by  the  Japanese  after  the  boiablng* 

It  would  be  possible  to  offer  the  seme  sort  of  rough  estimate  for  the  total 
number  of  burns,  as  was  done  in  the  case  of  mechanical  injuries,  but  the  hi£^ 
mortality  rate  cf  burned  patients  during  the  first  few  weekB>  and,  in  par- 
tic\iler,  the  hi^  mortality  aniong  the  most  e9qx>sed  groups,  makes  such  a  cal* 
cidation  very  unreliable. 

The  thermal  injuries  may  be  divided  into  two  categories:  first,  those 
caused  directly  by  the  heat  generated  by  the  bombs,  the  flash  burns;  second, 
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^Ixose  caused  by  the  fires  that  started  in  the  damaged  buildings  after  the 
bombing.  The  flame  biirns.  The  questionnaires  collected  by  the  Joint  Com¬ 
mission  were  completed  in  such  a  manner  that  it  was  not  always  possible  to 
determine  which  source  of  heat  produced  the  burn.  In  970  records,  the  type 
of  burn  was  adequately  described.  Of  those,  96%  were  flash  burns ^  and  4^ 
were  flame  burns.  In  348  of  the  records  the  etiology  of  the  burn  could  not 
be  determined.  There  ^^as  no  reason  to  think  the  latter  group  differed  from 
the  others,  so  that  for  practical  purposes,  all  the  bturns  were  considered 
flash  bxjrns.  Of  the  flash  burns,  59.8%  were  described  as  moderate  and  40,2% 
as  severe.  Since  the  entire  group  were  survivors,  this  breakdown  has  little 
meaning. 

Certain  data  were  collected  a.t  the  Omura  Naval  Hospital  which  give  some 
statistical  information  on  the  bwns.  The  original  data  were  not  available 
for  verification  by  the  Joint  Commission,  and  the  figures  are  offered  with 
reservation.  Of  the  758  casualties  treated  there,  over  a  period  of  7  we^s, 
431,  or  57%  were  burned.  In  Table  2  is  shown  the  relevant  data  on  this  group, 
reported  by  Svirgeon  Lt.  Comdr,  N,  Fukuhara.  Table  1,  page"  6,  contained  the 
diagnosis  and  the  outcome  of  the  618  patients  at  Omura  Naval  Hospital  who 
were  evacuated  by  hospital  train  during  the  first  5  days  after  the  bombing. 

It  will  be  seen  that  42%  of  those  were  burned,  while  when  the  total  exper*- 
lence  of  the  hospital  is  reported  57%  of  the  patients  were  burned.  Comparing 
these  tables  it  is  seen  that  after  13  August,  I40  more  casualties  were  ad¬ 
mitted,  while  the  total  number  of  b\#n  cases  increased-  by  169,  These  intern¬ 
al  inconsistencies  in  Japanese  reports  were  common,  and  cause  one  to  view  aH 
related  data  skeptically.  The  figures  in  Table  1  were  verified  from  trans- 
lated  records;  those  in  Table  2  were  not. 
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TABLE  Z 


VC'i 


■  REPORT  ON  BURNS 
'  ‘  •  ■'  tMJRA  NAVAL  HOSPITAL 


lo  Lbca^on.aib  'timo  pf  .injury t. 
2*  Cause  of  Burn 


.a)  Outdoors  -  £5x:?j 
b)  Indoors  - 


a)  Flash 
.  b)  Flame 


-  97?5 


3»  Distribution  of  Burn.  .  ,  a)  Exposed  skin^  only  -  3755 

"  ^  b)  Exposed  skinj  plus 

.  .  •  ‘  -  \t.bat  covered  by 

■  '  clothing.  -  6yfo 

Tlie  high  fatality  rate  of  the  burned  patieixts  reduced  the  nujcber  avail¬ 
able  for  interrogation  by  the  Americah’ doctors  to  such  an  extent  that  any  in¬ 
formation  obtained  after  1  October  caiuiot  be  considered  as  typical  of  the  con¬ 
ditions  that  existed  at  the  time  df  the  boMing.  The  experience  at  the 

Omura  Naval  Hospital  (verified  records  oniy)  v/ith  burns  can  be  summarised  as 

ie  chcTir  i... 


follows: 


.  u  <)'\2  ii’ df'uc *;  r?  ■■.i'-'-:  [-..wi- 

(1)  42«4/^  of  all  casualties  tsere  burnedi 


(2)  2Be6^  of  eii  casualties  had  only  hun^  ^ 

(3)  46o0^  of  ail  burned  patients  died. 

(4)  50.3^  of  patients  with  Only  burns  diedi 

(5)  75«6^  of  the  dead  jmtients  7jere  burned, 

Tiae  gist  of  this  summary  may  be  stated  briefly  as  follcfws:  4255  of  all  the  cas¬ 
ualties;  and  7^  of  all  the  deaths  ivere  burned.  With  the  data  xvhich  is  avail¬ 
able  it  is  not  posable  to  ga.Ve  a.  better  estijuate  of  the  extent  to  witich  bums 
contributed  to  the  casualty  rate  and  the  rcortaHity  rate  of  the  people  exposed 
to  the  atomic  bomb.  This  rather  complicated  group  of  figures  caxi  be  reduced  to 
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ft.  ainple  basis  of  the  expected  diagnosis  and  outoosie  of  100  casualties  who 
were  evacuated  from  the  city,  aa  shown  in  Table  3o 

TABLE  3 

KYPmTFD  PIAGSC^LS  Ai-ID  OUTCtM:  FSR  100  CASOALTIBS 


Casualties,  all  typea 

100 

B\im©d  (with  or  without 
other  injuries) 

42 

Not  burned  (but  with  other 
injuries) 

58 

Died  with  burns  (with  or 

Tdthout  other  injuries) 

19 

Died,  not  burned 

6 

Diod^  all  causes 

25 

Recovered 

75 

At  the  216th  Field  Hospital  (temporary)  (1)  in  Kagaseld#  65^  of  th© 
patients  were  burnedt  Of  thooo,  90f?  \«©rs  r.eported  to  have  b€©n  second  de*- 
gre©  bwne#  hut  there  ere  noxeoords  avail^l©  to  permit  verification  oS 
these  estSmatss  which  were  eontgdned  in  a  report  ef  th©  coffisendini  offieei* 
to  the  Prefect  of  Hagaesiki.  There  was  no  data  fro®  this  hospitsl  m  th© 
mort^ity  rate  mm$  hurned  patients, 

Aeong  the  ero^  of  survivors  for  ?hos  questicnnairee  were  oes^eted, 
burns  were  reported  by  34< 

TiiGoe  three  percentages »  42?9>  65SS  and  34^  la*©  th©  best  estifliates  that 
are  available  of  the  general  inoidenoe  of  bums  among  the  casualties*  In 
the  otatietical  eeotion  the  d  ata  on  hurne  in  relatim  to  dj,8t@nce  ssid  pro» 
taotive  factors  ore  eonsidei’ed  in  detail. 


(1)  Appendix  4  N  (  5) 


It  call  be  assvined  that  -irlthixi  the  eficctive 


range  of  the  iie.t 


from  the  bomb,  all  persons  vvho£ 


_ *  .K.  .t _ 


relation  to  the  airburst  wero  .burned. .  As  a  corollary,  those  w-ho  were 

'  •  -•..-uUT'w  .  •  ..t  .:,v*  ..  •  .  .  .....  ' 

outdoors  „wi thin,  say,  3500  meters  of  the  bomb  and  I’sceived  no  burns 


were  protected  by  some  structiufe  .which  intei'ceptecl  the  burning  rays. 
People  inside  buildings  vjere  only  burned  when  the  rays  could  reach 
them  through  doors,  windoiiiS^  etcr^^^:'0f ’-a  of  people  "inside"  the 

Onashi  Arms  Works,  34  of  2io,’  or  i4?»  were  burned,  'Of  another  gi’oap 
"inside"  the  liorimachi 'Armfl%brksv  12  bf  101,  or  1^^  were  burned.  There 
is  a  general  agreement  anbrig  the- available  figures  on  the  incidence  of 
flash  bi«-ns  in  people  vino' were’  indoors.'  T!ie-  data  frora  Oaura  Naval  Hosp¬ 
ital  ^  Table  2)  showed -that  ?t^-bf"  the' burned  patients  were  indo.  roj  •u'd 


in  the  questionnaire  study.  Section  ^p'-'the  incidence  of  bums  among 
people  who.  wore  insido  btailbings  was'-approximately  ^1^^^  A  comparison 
of  the  incidence  of -flash  burns  Jii'^pebrxle'  wltb' were  outdoors,  and 
those  who  were  insidV-T/bodeh  bMldinge^is^ihowh^^  in' Figure  13 ,  The 
curves  for  the  iheiderie'e-bf  burhs^bj^'ring''S5bhQS  have  a  cuj’ious  shape. 

In  the  survivor"  group  the"  b®2’cent age  of  burns  is  less  in  ring  zones 
1  end  2  where -it*  is  -Idiown- ‘that*  the  heat  vias  '0t*batest.  The  ecjxLanaticn  is 
simple:  close  tb'tho  center  the  burns  that  occurred  vjore  more  serious, 
and  the  case-fatality  rate  was  corrhspondlni^y  greater,  which  means  that 


the  mvibor  of  survivors  who  could  be  studied  by  the  questionnaire  method 
was  less.  Thoro  does  not  appear  to  have  been  any  persons  who  were  act¬ 
ually  in  the  opon,  closer  than  1500  meters,  who  were  not  burned.  At 
distances  clos or  than  this,  in  addition  to  severe  bums,  the  patients 


receiA^cKi  harmi'ul  aiaounts  of  iorjising  radiation.  Tlio  complication 
of  a  sOTere  burn  bj''  radiation  injury  was  unquestionably  a  serious 


matter,  and  it  is  not  surprising  that  so  f  ev?  of  these  survived. 

/r 

Etiologic  factors;  The  flaae  burns  that  patients  received  from 
burning  debris,  or  inside  bruoning  buildings,  or  from  burning  clothing 
were  not  unique,  and  need  not  bo  considered  in  the  present  discussion. 

There  seems  to  bs  no  reason  to  doubt  that  certain  Icinds  of  clothing  did 
l)urst  into  flames  because  of  the  flash  of  heat,  and  there  is  evident  a 
that  this  increased  the  severity  of  the  burns. 

The  tsrm  "flash  burn"  is  applied  customarily  to  the  lesions 
caused  by  brief  or  instantaneous  expostire  to  a  sburce  of  heat*  Bmns 
of  this  type  are  generally  associated  with  ei^losions,  and  are  especially 
frequent  in  warfare.  The  majority  of  flash  burns  display  shadov/  effects 
in  the  sense  that  only  the  portions  of  the  bodjr  directly  exposed  to  the 
source  of  heat  are  burned,  and  the  parts  which  are  "in  the  shade"  of 
any  heat-impervious  structxa*©  are  iminjured.  Because  of  ttie  brief 
duration  of  the  heat,  clothing  is  protective  to  an  extent  which  depends 
on  the  heat-intensity  and  the  quality  of  the  material.  During  World  War  II 
navj^  swgeons  developed  an  anti-flash  cream"  appiication  of  which  was 
sufficient  to  protect  the  gkin  fro®  the  effects  qf  the  heat  from  the 
muzzle'r^blaBls  and  from  exploding  shells  §pd  aerial  bombs,  The  ^u:^s 
that  oseurred  izi  Nagasaki  had  gppsranqe  pf  tryi^pal  flash  byrnSs 
§nd  ghoRSd  SbM'aeterisliGiiiy  the  §hadew  if  feet,  frint@ng|ty  st  iPlSS 

distsnpei  ggy  gQQQ  m6tcff*§j 


from  the  source  was  such  that  burns  were  inflicted  on  skin  protected  by 
clothing,  and  on  skin  over  which  the  clothing  was  tightly  drawn. 

The  etiologic  factors  responsible  for  the  burns  caused  by  the  atomic 
bomb  are  different  and  more  complex  than  the  simple  exothermic  chemical  re¬ 
action  of  high  explosives.  The  products  of  the  atomic  explosion  which  could 
cause  burns  are  the  following: 

a)  Heat,  in  the  chemical  and  mechanical  sense,  which  resulted  frcaa  the 
conversion  of  the  energy  liberated  when  the  plutonium  nuclei  underwent 
fission. 

b)  Radiant  heat  which  includes  infra,  red  rays,  and  visible  light  rays, 
emitted  by  the  incandescent  mass  of  air,  fission  products  anrl  vaporized 
metal  from  the  casing  immediately  surrounding  the  exploding  bomb, 

c)  Ultra  violet  rays,  (from  the  some  soxu*ce  as  b) 

In  Japan,  no  direct  physical  measurements  were  made  of  the  Intensities 
of  any  of  these  three  factors.  It  is  likely  that  such  measurements  were 
made  during  the  explosion  of  the  plutonium  bomb  at  Bikini,  but  at  present 
they  are  not  available.  The  theoretical  estimates  of  the  fraction  of  the 
total  energy  which  was  transformed  into  heat  has  not  been  announced.  Cer¬ 
tain  estimates  of  the  heat  delivered  to  human  bodies  are  available  and  will 
be  presented  below.  The  consensus  among  physicists  is  that  the  majority  of 
the  burns  were  caused  by  radiant  heat.  The  statement  was  made  by  one  of  them 
(l)  that  the-  heating  of  the  air  (i.e,  conducted  heat  from  the  exploding  bomb) 
was  not  a  serious  problem,  and  that  in  Japan  the  superheated  air  adjacent 
to  the  bomb  should  not  have  touched  the  ground,  since  the  radius  of  the  mass 
probably  did  not  exceed  300  meters,  A  number  of  the  eye  witness  accounts 

(l)  Personal  communication.  Prof.  V,  F.  VJeiskopf. 


describe  the  sensation  of  a  warm  or  hot  wind  blowing  against  their  skin, 
bii^  it  is  difficult  to  know  how  to  interpret  this  type  of  subjective  in¬ 
formation,  The  radiant  heat  (and  light)  which  caused  the  flash  burns  was 
not  all  infra  red,  but  included  the  entire  visible  spectrum.  The  physical 
characteristics  of  this  sort  of  heat  are  that: 

a)  It  is  not  absorbed  by  air, 

b)  The  dissipation  of  it  follows  the  inverse-square  law, 

c)  It  is  absorbed  by  dark-colored  substances  and  reflected  by 
light-colored  ones. 

Ultra-violet  rays  were  emitted  by  the  explosion,  and  in  the  earlier 
test  at  Alamgordo,  it  was  found  by  spectral  measurements  that  the  amount 
was  equivalent  to  that  in  sunlight.  This  type  of  radiation  is  absorbed  to  a 
considerable  extent  by  air,  and  in  view  of  the  brief  duration  of  the  emission, 
it  was  the  opinion  of  the  physicists  that  the  amount  reaching  people  at  dis¬ 
tances  where  the  heat  was  not  instantly  lethal  (500-700  meters),  was  not 
sufficient  to  burn  the  skin.  Some  of  the  early  Japanese  clinical  reports 
mention  the  recurrence  of  conjunctivitis  and  keratitis  during  the  first  week 
after  the  bomb.  This  condition  was  said  to  have  recovered  spontaneously, 
and  cotild  have  been  an  actinic  keratitis.  The  extent  to  which  the  ultra¬ 
violet  rays  were  responsible  for  the  skin' pigmentation  is  not  known. 

In  a  consideration  of  the  flash-type  of  btiriij  it  is  desirable  to  know  the 
time  intensity  curve  for  the  heat  causing  the  burns,  .No  measurements  were 
made  in  Nagasaki, ' but  certain  estimates  were  prepared  from  the  experimental 
and  theoretical  data  by  a  physicist  who  worked  on  the  development  of  the  bomb, 
(l).  The  following  assumptions  were  znade: 

(l)  Personal  communication,  Prof,  V.  F.  Weiskopf 
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1)  The  doaration  of  the  heat  flux  was  1,0  seconds, 

2)  The  human  skin  acts  as  a  black  body  with  respect  to  radiant  heat, 

3)  The  heat  capacity  of  skin  and  tissue  is  equivalent  to  that  of  water, 

4)  The  heat  conductivity  of  skin  and  tissue  is  equivalent  to  that  of  water. 

5)  The  amount  of  heat  required  to  destroy  tissue  is  the  amount  required 
to  raise  the  temperature  from  30°  to  100°  C;  during  one  second. 

On  the  basis  of  these  assumptions  the  amount  of  heat  delivered  to  a  body 
at  various  distances  from  the  bomb^  and  the  depth  to  which  the  destructive 
action  (i.e,  the  raising  of  tissue  temperature  to  100°C)  extended  were  calcu¬ 
lated,  The  minimum  and  maximum  limits  that  could  be  predicted  are  shown. 

The  range  is  based  on  the  assumption  that  the  maximum  amount  of  radiant  heat 
may  have  been  50^  greater  than  the  amount  used  for  the  minimum  value, 

TABLE  4 

DISTANCE  AND  HEAT  EFFECT;  ’  TIME;  1  SECOMD 


TOTAL  HEAT 
DISTANCE  FROM  DELIVERED 

CAL/  cm^ 

DEPTH  TO  WHICH  TISSUE  WAS 
HEATED  TO  lOOOC.  mm 

BOMB.  METERS*  MAXIMUM 

MINIMUM 

MAXIMUM 

MINIMUM 

500 

150 

100 

21.0 

14.0 

1000 

37 

25 

4.5 

3.0 

2000 

9 

6 

1,4 

0.9 

3000 

4 

3 

0.6 

0.4 

4000 

2.4 

1,6 

0,3 

0.2 

*This  is  the  linear  distance  from  airburst  to  the  subject, 
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There  is  some  question  of  the  actual  duration  of  the  heat  flux,  but  the 

value  shown  in  the  table  can  be  adjusted  easily  in  the  appropriate  direction. 

2 

By  the  application  of  the  inverse-square  law,  the  approximate  calories/  cm 
delivered,  or  the  depth  of  burn,  at  any  distance  from  the  bomb  can  be  estimated. 
This  is  a  very  significant  table  for  it  shows  that  on  bare  skin,  a  third  degree 
burn  2,1  to  1,4  cm  in  depth  would  be  received  by  persons  500  meters  distant. 
Assuming  that  the  elevation  of  the  airbxirst  was  500  meters  (this  is  the  Jap¬ 
anese  estimate)  people  directly  beneath  it  obviously  received  terrible  burns, 
which  were  undoubtedly  Instantly  fatal.  At  a  distance  of  500  meters  from  the 
center,  or  approximately  700  meters  from  the  air  burst,  the  heat  delivered 
to  the  skin  would  have  been  75  to  50  calories/  cm^  and  the  depth  of  the  3rd 
degree  burn  10,5  to  7  mm.  The  people  in  the  yard  of  the  Chinzei  Middle  School 
were  at  such  a  distance,  and  nearly  all  were  burned  to  death  instantly  in-  spite 
of  the  fact  that  they  were  probably  clothed. 

The  significance  of  the  data  in  Table  4  is  difficult  to  appreciate  without 
some  knowledge  of  the  type  of  burn  that  could  result  from  the  araotmts  of  heat 
delivered  to  skin  at  distances  in  excess  of  2000  meters,  namely  9  cal,  /  cm^/ 
sec,  or  less.  Information  on  this  subject  is  available  in  a  study  of  experi¬ 
mental  human  burns  by  Ashe  and  Roberts  (l).  Using  a  stream  of  air  flowing 
at  a  rate  of  6  liters  per  minute,  and  heated  to  temperatures  varying  betvreen 
100°  C  and  500°  G,  they  investigated  the  tine-temperature  relationship  for  the 
production  of  first  and  second  degree  burns.  This  relationship  was  found  to 
be  exponential.  The  data  from  their  graphs  has  been  rearranged,  and  is  shown 
in  Tables  5  and  6, 

(l)  Ashe,  W,F. ,  Jr,,  and  Roberts,  L,B, ,  ''Exoerimental  Hunan  Btirns”  War  Med,  7; 
82-83,  1945. 

(From  the  Armored  Medical  Research  Laboratory,  Fort  Knox,  Ky, ) 
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TABIE  5 


EfPERiirarrAL  roman  burns 

Rate  of  Air-flow:  6  liters  /  minute 

TEMPERATURE  OF 
MEASURED  AT  SKINt 

HEAT  DELITERED  TO  SKIN 

calories/cmVsecond 

DEGREES  C 

100 

I08 

200 

4oO 

300 

6o2 

400 

8,3 

500 

10o7 

TABIS  6 

EXE^IMENTAL  HUMAN  BURNS 

TUBE-  TajPERATURE  RELATIONSHIP 

RATE  OF  HEAT  TTOE  TO  SECQMDS  REBDIRED 

pg^jirig  TO  t  oiD  FRcapcB 

>.A¥/«m7em27^3.  FIRST  DEGR^KTOi  3EC0HD  IgCRHS  BCBg 


1,8 

4,0  -  6,0 

8.0  - 

10.0 

4,0 

1,0  -  2,0 

2.0  - 

3.0 

6.2 

c- 

B 

0 

1 

B 

0 

0o7  - 

lo5 

8.3 

O0I5  -  0„25 

0.3  - 

Pb7 

10o7 

0*06  -  0,15 

0.2  -> 

0.3 

Granting  the  validit^f  of  the  asstiinptions  and  of  the  data  in  Tables  4# 

5  and  6^  it  con  bo  socsi  that  second  degree  burns  ?;ere  a  theoretical  p08ai» 
bility  at  distances  as  great  as  2500  meters  from  the  boinb»  First  degree 
burns  vbiild  be  possible  at  distances  as  great  as  3000  moters.  Actual^y^  the 
estimates  of  the  physicist  were?  conservative,  for  ths  study  of  the 
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questionnaire  revealed  that  burns  (presumably  first  degree)  were  received 
by  patients  in  Ring  6,  3000  -  4000  meters  from  the  center, 

The  foregoing  data  may  be  combined  with  some  of  the  observations  made 
by  a  Japanese  member  of  the  Joint  Commission  (2)  in  the  Omura  Naval  Hospi¬ 
tal  in  October,  Patients  recovering  from  severe  burns  were  questioned,  and 
it  was  found  that  they  could  be  divided  into  3  groups  on  the  basis  of  the 
appearance  of  their  burns  on  the  day  of  the  bombing.  In  some  there  was  ex¬ 
foliation,  in  others  there  was  vesicle  fonnation,  and  in  others,  both  ex¬ 
foliation  and  vesicle  formation  occurred  immediately,'  There  were  44  pa¬ 
tients  whose  location  was  definitely  known,  and  whose  records  described  the 
state  of  their  burns  on  admission  during  the  nights  of  9-10  August,  The 
data  for  these  patients,  as  well  as  the  theoretical  amount  of  heat  delivered 
is  combined  in  Table  7, 


TABLE  7 

OBSERVATION  ON  PATIENTS  WITH  SECOND  DEGREE  BURNS 


014URA 

RANGE  OF  HEAT 

NAVAL  HOSPITAL 

CONDITION  OF  SKIN  AT  ADMISSION-9-10  AUGUST. 

DISTANCE  FROM 
BOMB,  METERS 

DELIVERED* 

Cal./cm^Tsec. 

EXFOLIATION  EXFOLIATION  & 
VESICLES 

VESICLES 

ONLY 

Less  than  1000 

150-25 

7 

2 

1 

1100  -  1500 

37  -  11 

6 

2 

3 

1600-2000 

16  -  6 

6 

2 

5 

2100-2500 

9-4 

3  - 

3 

4 

*See  Table  4.  These  values' are  for  linear  distance  from  airburst  to  patient. 
The  eunounts  of,  heat  would  be  somewhat  less  if  based  on  distance  from  center 
on  the  ground  to  the  patient. 


(1)  Examples  of  severe  burns  at  known  long  distances  are:  Case  #^^408-2800  me¬ 
ters  j  #3152-2800  meters j  #3185-2900  meters  and  #3185-3400  meters, 

(2)  Dr,  Yamamura,  Tokyo  Imperial  University, 
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Anong  the  records  available  for  examination  and  verification  there 
were  a  few  cases  where  second  degree  burns  were  received  by  patients  at  dis¬ 
tances  greater  than  2500  meters.  In  general,  however,  it  is  proper  to  say 
that  the  majority  of  the  second  degree  burns  occurred  within  a  radius  of 
2500  meters,  which  is  1.75  miles.  Very  precise  measurement  of  the  distance 
of  burned  patients  from  the  bomb  was  possible  in  the  case  of  sailors  on 
ships  anchored  in  the  harbor,  4  men  who  were  sunbathing  on  the  Chidori-Maru 
anchored  3100  meters  from  the  point  below  the  bomb,  received  "moderately  se¬ 
vere"  burns,  some  of  which  were  second  degree.  They  recovered  in  2-3  weeks. 
Thirteen  other  sailors  at  work  about  the  ship  received  "minor"  burns.  Three 
men  aboard  the  Tsuruoka-Maru,  anchored  at  4000  meters,  received  slight  burns, 
prestimably  1st  degree.  Measurements  of  similar  accuracy  were  possible  in  the 
case  of  several  small  boys  who  were  swimming  at  the  Fishers*  Wharf,  exactly 
2800  meters  from  the  center.  Some  of  these  received  severe  second  degree  flash 
burns,  portions  of  which  were  of  the  third  degree. 

An  interesting  footnote  to  this  section  on  the  relation  of  the  amount  of 
heat  delivered  to  the  patients-;  is  the  following  statement  from  Ashe  &  Rob¬ 
erts  (1)  article; 

"It  may  be  of  interest  that  above  300°C  up  to  the  limit  of  the  present  study 
(500°C)  Prince  Albert  cigarette  paper  makes  an  excellent  substitute  for  skin 
in  trial  procedures.  First  visible  charring  of  the  paper  occurs  apparently 
at  time-temperature  relationships  which  cause  first  degree  biarns,"  (See  table 
6). 

In  addition  to  hicnan  burns,  scorching  of  many  materials,  including  cloth¬ 
ing,  granite,  tile,  etc.  was  observed.  The  time-temperature  relationship 

(1)  Loc.  Cit. 


27  (5N) 


247 


for  these  materials  is  not  known  so  that  estimates  of  the  temperature  re¬ 
quired  to  cause  bubbling  of  roof  tiles  for  example,  are  comparatively  mean¬ 
ingless,  (2),  The  bubbling  of  tile  was  observed  in  Nagasaki  at  distances 
as  far  as  1000-1500  rasters  from  the  center  of  the  explosion.  Unpainted 
wooden  surfaces  (telephone  poles)  (figures  12  and  13)  were  scorched  at  dis¬ 
tances  as  great  as  3100  meters  from  the  bomb.  These  "flash  burns"  of  mater¬ 
ial  objects  OSfigwre  12)  were  of  considerable  value  in  estimating  the  height 
and  the  precise  location  of  the  exploding  bomb.  Studies  of  them  add  little, 
however,  to  an  appreciation  of  the  heat  generated,  as  judged  by  the  effect  on 
the  people.  An  examination  of  some  of  the  shadow  effects  permitted  an  esticiate 
of  the  maximum  duration  of  the  heat-flux.  In  Flgtire  2  are  shown  clearly  de¬ 
lineated  shadows  of  tall  grass  on  a  scorched  wooden  fence  meters  from  the 
bomb.  From  the  sharpness  of  the  outline  of  the  shadows  it  is  proper  to 
assume  that  the  grass  did  not  move  during  the  "flash",  lie  know,  however,  that 
the  blast  wave  which  travelled  with  the  speed  of  sound,  340  meters  per  second, 
could  not  have  reached  the  fence  while  the  heat  intensity  was  great  enough  to 
scorch  it.  From  a  nmber  of  such  observations  at  various  distances,  it  is 
quite  definite  that  the  heat  did  not  last  for  longer  than  one  second.  The 

(2),  The  differential  in  temperature  required  to  scorch  white  and  colored 
cotton  cloth  has  been  studied  at: the  Naval  Medical  Research  Institute,  The 
critical  temperature  for  colored  clotji  is  200^^0  and  for  white  cloth  it  is 
230°C,  The  duration  of  exposure  of  cotton  cloth  to  this,  temperature  to  pro¬ 
duce  scorching  is  not  stated. -Personal  communication,  Capt,  Shields  Warren, 

(MC)  U.S.N.R. 

Experiments  with  roof  tile  from  Nagasaki  showed 'that  "similar"  bubbling  was 
produced  by  1800°C  for  4  seconds.  ' 
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sharpness  of  the  edges  of  the  flash  burns  on  people  alffo  bears  out  this  con¬ 
tention,  In  a  like  manner,  the  infrequency  of  corneal  bxjrns  (l)  indicated 
that  the  heat-flux  was  of  sufficiently  long  duration,  that  the  rapid  blink 
reflex  protected  tha  eyes  before  the  full  intensity  developed.  The  blink 
reflex  reqiiires,  on  the  average  0,01  secoiKi  from  strong  stimulus  to  com¬ 
plete  closTure  of  the  lids,  PVom  such  consideration  it  is  possible  to  deduce 
that  the  duration  of  the  flash  was  longer  than  0,01  seconds,  and  shorter  than 
2,0  seconds. 

On  the  basis  of  the  material  which  has  been  presented,  it  is  apparent  that 
radiant  heat  emitted  by  the  exploding  bomb  was  the  cause  of  the  flash  bums. 

It  is  desirable,  however,  to  consider  two  other  possible  causes  of  some  of  the 
burns, 

a)  Beta  rays 

b)  Gamma  rays  or  X-rays 

The  likallhood  that  beta  rays  may  have  catised  some  of  the  burns  was  not 

considered  during  the  time  the  Joint  Commission  was  in  Japan.  The  physicists 

were  quite  certain  that  no  beta  rays  were  received  by  patients  outdoors, 

unshielded,  who  survived.  None  of  the  members  of  the  Joint  Commission  had  any 

knowledge  of  the  sort  of  burn  that  would  rosuilt  from  suitable  exposure  to  them, 

(2) 

Accordingly,  the  report  of  Robbins,  et  al,  '•  '  on  accidental  burns  from  scat¬ 
tered  cathode  fays  was  read  with  much  interest.  There  does  not  appear  to  be  any 
reason  to  believe  that  the  skin  lesions  in  any  of  the  Japanese  exhibited  the 
distinctive  featinres  so  clearly  illustrated  and  described  in  this  article. 

The  characteristic  features  of  gamma  ray  burns  and  X-ray  bxarns  are: 

(1)  One  Japanese  report  said  that  20^  of  the  burned  patients  had  "blistered 
eyeballs”.  This  observation  is  not  supported  by  eEgr  other  clinical  reports. 

(2)  Robbins,  L,L. ,  et  al,  ‘^Superficial  Btirns"  of  skin  and  eyes  from  scattered 
Cathode  Rays,"  Radiology  46;  9,  1946 
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1)  The  appearance  of  erythema  1  to  3  weeks  after  exposure. 

2)  The  small  amo^lnt  of  edema  in  comparison  with  thermal  bums, 

3)  The  persistence  of  "deep”  pain  dtiring  the  acute  stage, 

4)  The  slow  desquamation,  and  the  protracted  period  of  healing 
with  atrophy  and  telangiectasia, 

5)  "Dirty"  pigmentation  of  the  irradiated  areas, 

6)  The  inverse  relation  to  the  intensity  of  the  radiation,  as 
measured  in  air,  so  that  roentgen  burns  are  more  severe  after 
a  certain  amount  (in  r)  of  low  voltage  radiation,  than  after 
the  same  amount  (measured  in  air)  of  high  voltage  radiation. 

One  feature  of  roentgen-type  burns  observed  in  Japanese  patients  was 
the  dirty  pigmentation.  Because  of  the  varied  conditions  of  healing  of 
the  thermal  burns  (see  below,  tables  9  and  10)  the  only  pigmentation  which 
could  be  ascribed  to  ionizing  radiation  was  that  seen  in  the  skin  which  had 
not  received  a  "flash  bum".  The  incidence  of  pigmentation  of  the  skin  was  not 
very  great.  The  data  obtained  in  the  questionnaire  study  are  given  in  the 
Statistical  Section,  This  particular  finding  was  not  recorded  with  any  de¬ 
gree  of  accuracy  because  of  its  vagueness.  It  is  true  that  patients  with 
radiation  sickness  were  observed  whose  skin  was  pigmented  in  the  manner  ob¬ 
served  after  "heavy"-  roentgen  therapy.  It  is  also  true  that  some  subjects 
without  evident  radiation  sickness  insisted  that  their  skin  was  darker  than 
it  vTas  before,  the  bombing.  This  type  of  data  is  obviously  very  unsatisfacto¬ 
ry,  and  it  is  necessary  to  state  that  the  incidence  of  "roentgen  pigmenta¬ 
tion"  is  not  known.  It  can  be  said,  however,  with  considerable  certainty, 

250 


30  (5N) 


that  there  was  no  definite  evidence  that  the  cutaneous  burns  were  caused 
only  by  the  gamma  radiation  and  there  is  very  little  reason  to  believe 
that  the  gamma  rays  altered  the  appeeirance  of  the  thermal  biarns.  It  was  the 
impression  of  most  of  the  observers  that  the  gamma  radiation  had  not  af¬ 
fected  the  course  of  healing  of  these  burns  to  an  extent  that  could  be  proved^ 
Clinical  Features; 

The  Japanese  clinical  records  contained  very  little  information  on  the 
symptoms  which  occvirred  in  association  with  the  burns.  This  is  not  surprising 
for  two  reasons:  first,  in  the  early  stages  the  doctors  were  extremely  biisy 
and  assumed  that  the  burns  were  no  different  than  other  flash  burns,  and 
second,  by  the  time  they  began  to  wonder  about  the  nature  of  the  burns,  symp¬ 
toms  of  radiation  injury  were  becoming  manifest  and  overshadowed  all  other 
clinical  considerations.  For  this  reason,  there  is  only  one  small  series  of 
patients  who  were  interrogated  specifically  about  their  burns,  (1),  The  an¬ 
swer  es  which  are  shown  in  Table  8,-  were  in  reply  to  questions  about  the  period 
immediately  after  the  explosion.  In  all  cases,  within  a  very  short  time,,  the 
bxirns  became  very  painful,  and  some  of  the  eye  witness  accounts  (2)  describe 
the  burned  patients  plunging  into  the  river  to  get  relief.  Although  the 
Japanese  do  not  use  the  term  "shock”  in  the  sense  that  it  is  used  by  Western 
physicians,  the  description  of  the  condition  of  the  burned  patients  on  arrival 
at  Omura  Naval  Hospital  diaring  the  night  of  9-10  Au^st,  .  clearly  indicates  that 
in  mapy,  shock  was  developing  or  was  already,  present. 

(1)  Nakashima  report.  Appendix  4  N  (19), 

(2)  Appendix  3N,  . 
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",  ,  ,in  spite  of  their  severe  Injtiries,  the  majority  of  the  patients 
were  quiet  as  though  in  a  collapsed  state,"  (l) 

TABLE  8 

THERMAL  INJURIES 


IMMEDIATE  SYMFTCMS  NUMBER 

Felt  heat  at  the  time  of  the  blast.  11 

Felt  pain  in  burned  areas  at  once  14 

Felt  neither  heat,  nor  pain,  IS 

Total  39 

Hair  singed  or  b\irned  4 


The  appearance  of  the  flash  burns  at  various  stages  can  be  presented  most 
satisfactorily  in  the  pictures  that  accompany  this  section.  The  illustra¬ 
tions  have  been  chosen  because  they  are  typical  of  the  lesions  that  were 
observed. 

Figure  14  (NP  153)  shows  the  body  of  a  man  who  was  dead  on  admission  to 
hospital  approximately  12  hottrs  after  the  bombing.  His  distance  from  the 
bomb  was  not  recorded,  but  Japanese  records  describe  this  type  of  2nd  and 
3rd  degree  burn  in  people  who  were  in  tho  open  within  1000  meters  of  the 
center.  The  dark,  even  black,  charred  appearance  of  the  b\irhs  is  mentioned 
in  many  of  the  eye-witnebs;  accounts,  and  may  be  seen  in  pictures  of  groups 
of  cadavers  closii  %o  the\  center ^  In  some  cases  the  burns  were  so  severe  that 
the  patient  could  not  be  identified,, and' in  extreme  cases,  it  was  said  that  the 
sex  coiad  not  be  determined,  (l)  ‘  ^  ^ 

Figure  15  (NP  105)  is  a  woman  who  was  lying  prone  in  the  open,  at  a 
(1)  Shiotsuki  report,  Appendix  4  N  (4) 
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distance  reputed  to  be  500  meters  from  the  center.  She  vras  wearing  black 
clothing  and  received  2nd  and  3rd  degree  bvirns  of  the  back,  buttocks  and 
legs^  and  3rd  degree  burns  of  the  back  of  the  feet.  These  burns  became 
badly  infected  and  contractures  developed.  Bilateral  Achilles  tenotomy  \ms 
done  to  correct  them.  She  also  developed  typical  symptoms  of  radiation 
sickness,  except  for  epilation.  She  died  15  October  1945.  Further  notes 
on  her  case  may  be  found  in  the  Pathology  section. 

Figure  16  (NP  102)  is  a  man  who  was  sitting  inside  a  hotise  at  800  me~ 

« 

ters,  wearing  a  white,  short-sleeved  shirt,  trousers  and  cap.  His  position 
in  relation  to  a  id.ndow  was  such  that  he  received  2nd  degree  bums  of  the 
left  side  of  his  face  and  neck  and  slight  burns  of  the  left  arm  and  both 
hands.  The  photograph  shows  a  common  coqiplication  of  flash  burns  of  the 
ears,  A  perichondritis  has  developed  and  with  recovery  the  patient  has  a 
’’cauliflower  ear”.  In  this  man.  the  healed  skin  is  depigmented,  and  there 
is  a  distinct  zone  of  increased  pigmentation  between  the  burned  and  the  in¬ 
tact  skin, 

Figijres  17  and  18  (NP  123  a,  b)  show  a  man  standing  in  the  precise  po¬ 
sition  in  front  of  his  home  where  he  was  when  the  bomb  exploded.  The  mea¬ 
sured  distance  to  the  center  (by.  U,  S,:  engineers)  is  900  meters;  and  as  cen 
be  seen  in  Figure ; 18  there  was  nothing  to  intercept  the  heat  rays.  He  was 
wearing  a  heavy  khaki  military  jacket,  trousers,.- gaiters  and  a  cap  and  was 
looking  toward  the  sky  away  from  the  bomb.  He  received  Ist  and ' 2nd  degree 
burns  of  the  ears ^  the  back,  the  elbows  and  the  left  hand  At  the  time  of 
the  photograph,  in  November,  the  burns  were  healed.  There  is  a  prominent 
zone  of  hyperpigmentation  between  the  burned  and  the  healthy  skin.  The 
cotton  clothing  that  he  wore  was  scorched  and  ’’destroyed”  over  the  burned  areas. 
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He  was  blown  about  4  meters  by  the  blast,  but  was  not  injured.  Epilation, 
purpura,  ard  gingivitis  occurred,  but  he  recovered  from  the  radiation  injury. 
Figure  19  (NP  160)  is  a  man  who  was  standing  in  the  open,  1000  meters 
from  the  center,  wearing  a  white  shirt,  pants  and  leggings.  He  received 
2nd  and  3rd  degree  burns  of  his  face,  neck,  left  arm,  right  elbow  emd  back. 

The  condition  of  the  healing  2nd  degree  burn  is  shown,  with  general  depigmenta¬ 
tion  and  a  narrow  band  of  hyperpigmentation  adjacent  to  the  healthy  skin. 
Keloid  formation  is  apparent  on  the  right  elbow,  and  the  bandage  conceals 
exuberant  granulation  tissue  in  the  3rd  de^ee  bum.  Epilation  occurred,  but 
there  were  no  other  symptoms  of  radiation  injury. 

Figures  20  and  21  show  a  woman  who  was  sitting  near  a  window  inside  a 
wooden  building  at  1200  meters.  She  wore  a  light  shirt,  long  khaki  pants 
but  no  shoes  or  sox.  She  received  mild  2nd  degree  flash  bxjrns  of  the  face 
and  neck  and  severe  2nd  degree  burns  of  the  legs  and  feet.  She  also  received 
many  small  lacerations  from  fragments  of  glass  (the  window  panes) ,  Epilation 
of  the  scalp  and  eyebrows  occuired.  Ihe  skin  of  her  body,  particiilarly  of  her 
chest,  gradually  developed  a  dirty  pigmentation  in  the  unburned  areas,  under 
her  shirt.  The  contrast  of  this  pigmented  skin  with  the  comparatively  de- 
pigmented  burned  area  is.  shown  in  Figure  21,  Here  again  is  seen  the  narrow 
band  of  excessive  pigmentation  at  the  margin  of  the  burn.  There  was  some 
question  among  members  of  her  family  whether  the  healed  skin  of  her  face  and 
neck  was  paler  than  before  the  bombing,  and  the  consensus  was  that  the  color 
was  approximately  normal.  Keloid,  foimiation  may  be  seen  in  the  healing  burns 
of  the  left  knee  and  the  dorsum  of  the  left  foot,  (figure  20), 

Figure  22  is  a  woman  who  was  sitting  in  the  open  "behind  a  tree”,  at 
1300  meters.  She  wore  dark  brown  and  black  clothing  and  all  the  burns, 
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except  those  of  the  face,  neck  and  hands  occtarred  under  this  clothing.  The 
head  bandage  covers  a  perichondritis  of  the  right  ear.  The  2nd  degree  burns 
of  the  rest  of  the  skin  healed,  and  there  is  a  contraction  at  the  right  el¬ 
bow  and  hand.  The  healed  skin  of  the  neck  and  the  left  shoulder  is  depigment- 

/ 

ed;  while  that  of  the  left  forearm  shows  a  not  uncommon  pattern;  the  healed 
skin  is  of  approximately  normal  color,  except  for  a  zone  of  depigmentation 
adjacent  to  the  unburned  skin.  Because  of  a  history  of  vomiting  on  the  day 
of  the  bombing  and  a  record  of  leiikopenia,  a  diagnosis  of  radiation  injury  was 
made. 

Figixre  23  is  a  man  who  was  standing  in  the  open,  at  1400  meters.  He  vjore 
gfeen  trousers,  but  no  cap,  shirt  or  shoes.  He  did  not  know  what  protected  his 
face  and  head  from  the  flash.  He  received  2nd  degree  flash  burns  of  the  ri^t 
side  of  his  chest  and  left  arm  and  some  3rd  degree  burns  of  his  right  arm.  He 
stated  that  all  the  skin  of  his  body  had  become  pigmented,  and  it  was  seen  to 
be  of  an  even  dirty  broxm  color.  The  healed  flash  burns  showed  the  same  type 
of  pigmentation,  but  as  can  be  seen,  the  distribution  was  irregular. 

Figure  24  is  a  girl  who  was  also  standing  in  the  open  at  1400  meters.  She 
wore  a  short-sleeved  green  shirt,  green  trousers,  and  a  cap.  This  photograjii 
was  made  ditring  August  by  the  Japanese,  and  it  shows  the  early  stages  of  heal¬ 
ing  of  a  severe,  second  degree  burn  of  the  face,  neck,  shoulder,  arm,  and  back 
on  the  right  side,  and  both  ankles  and  feet.  The  lesion  over  the  sacrum  is 
either  a  decubitiis  ulcer  or  a  2nd  degree  burn.  The  photograph  gives  the  im¬ 
pression  that  the  unburned  skin  is  deeply  p^^ented,  but  there  is  no  mention  of 
this  in  the  record  of  the  Joint  Commission;  This  patient  vomited  on  the  day  of 
the  bombing,  and  the  only  white  blood  cell  count  recorded  was  48OO  on  20  Sep¬ 
tember,  There  was  no  other  evidence  of  radiation  injury.  The  burns  were 
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healing  slowly  in  October,  and  the  patient  was  definitely  recovering  at 
that  time. 

Figure  25  is  a  man  who  was  walking  directly  toward  the  direction  of 
the  blast,  looking  at  the  B  29' s.  He  was  1600  meters  from  the  center,  and 
has  provided  a  useful  eye-witness  account  of  his  experiences,  (l)  He  was 
fully  clothed,  and  wore  an  air-raid  warden's  steel  helmet.  The  burns  on 
his  chest  and  arms  occurred  through  dark  colored  clothing.  The  condition  of 
the  healed  2nd  degree  burns  shown  in  the  figure  is  very  interesting.  All 
of  them  are  deeply  pigmented  in  contrast  to  the  intact  skin.  There  was  some 
hyperemia  of  the  lesions.  The  skin  of  the  face  had  a  bronzed  color  with 
marked  contrasts  between  the  biarned  and  the  small  shadowed  areas  under  the 
supraorbital  ridges,  nose,  chin,  etc.  This  type  of  visage  has  been  called 
the  "Mask  of  Hiroshim"  since  it  was  seen  much  more  frequently  there  than 
in  Nagasaki,  The  pigmentation  of  the  skin  of  the  face  and  the  neck  of  this 
patient  has  a  striking  resemblance  to  pellagra  both  in  color  and  in  dis¬ 
tribution,  In  some  instances  the  likeness  was  accentuated  by  the  occurrance 
of  similarly  pigmented  healed  burns  of  the  hands.  This  patient  did  not  have 
epilation  (the  steel  helmet?)  but  had  a  mild  transitory  purpura,  from  which 
he  made  a  good  recovery. 

Figure  26  (NP  120)  is  a  man  who  was  standing  in  the  open  at  2000  meters. 
His  back  was  to  the  bomb,  and  his  head  was  turned  to  the  left.  (This  may  be 
inferred  from  the  jagged  line  of  demarcation  due  to  skin  wrinkles  between 
burned  and  intact  skin  of  the  neck.)  He  wore  a  shirt  ar^  trousers  and  re¬ 
ceived  the  burns  shown  tinderneath  the  clothing.  He  states  that  his  "shirt 
burst  into  flames"  at  the  instant  of  the  flash,  and  this  may  account  for 
(1).  See  appendix  3  N. 
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the  severity  of  these  burns,  most  of  which  were  3rd  degree^  The  burns  on  the 
buttocks  were  heeled,  vdth  depigmentation,  but  in  the  case  of  the  back,  in¬ 
fection  and  the  exuberant  granulations  have  obviously  retarded  healing.  As 
a  consequence  of  this  severe  injury  he  was  markedly  emaciated  when  last  seen 
in  November,  1945,  He  stated  that  epilation  occurred  in  August;  but  there 
was  no  gross  evidence  of  it  in  October,  The  blast  wave  knocked  him  down, 
but  he  did  not  lose  consciousness, 

Figiare  27  is  a  man  who  was  lying  prono  in  the  open  at  2100  meters i  on 
a  hillside.  He  was  wearing  summer  clothes,  which  in  the  case  of  a  farmer 
would  be  light  colored.  He  received  the  2nd  degree  burns  which  are  shown, 
mainly  under  his  clothing.  There  is  no  explanation  for  the  shadow  effect 
to  be  seen  on  the  left  loin  and  the  left  arm.  In  addition  to  the  burns,  he 
received  radiation  injury  followed  by  epilation  and  severe  ulcero-necrotic 
pharyngitis,  from  which  he  recovered.  These  2nd  degree  burns  have  become 
more  deeply  pigmented  after  healing  than  is  the  surrounding  skin,  and  there 
is  no  zone  of  hyperpigmentation  as  in  the  case  of  the  depiguBnted  burns. 

Figure  28  (NP  121)  shows  a  boy  who  was  outdoors  "behind”  some  trees  at 
2200  meters.  Ho  v;ore  a  white  shirt  and  white  shorts.  It  is  apparent  from 
the  irregular  margin  of  the  burns  of  the  neck  that  he  was  looking  upward  and 
to  the  right.  In  addition  to  the  burns  shoim  in  the  photograph,  he  received 
2nd  degree  bicrns  of  legs,  feet,  and  buttocks.  All  the  burns  were  healed  in 
November  when  the  picture  was  made,  and  those  under  the  white  clothing  were 
obviously  less  severe.  It  can  be  seen ‘that  in  this  case,  the  healing  skin 
is  less  pigmented  than  the  intact  skin  and  that  there  is  a  narrow  line  of 
hyperpigmentation  at  the  junction  of  the  two.  He  described  a  slight  amotmt 
of  epilation  in  September  but  there  was  no  indication  of  it  or  of  other 
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signs  of  radiation  injviry  when  he  was  examined  by  the  members  of  the  Joint 
Commission  in  October. 

Figure  29  (NP  111)  is  a  man  who  was  starKiiaig  in  the  open  at  2400  meters. 
He  was  wearing  a  sleeveless  white  shirt  and  white  shorts  and  was  burned 
only  on  the  exposed  portions  of  the  skin.  The  burns  of  the  arm  appear  to  be 
of  2nd  degree,  and  have  healed  with  some  contracture  of  the  skin.  The  burns 
of  the  face  appear  less  severe,  but  a  close  inspection  of  the  print  will  dis¬ 
close  the  irregular  pattern  of  unbtarned  ’’shadows"  giving  the  mask-like  ap¬ 
pearance.  The  color  of  the  healed  burns  was  darker  than  that  of  the  intact 
skin}  part  of  this  was  due  to  pigmentation,  and°part  to  a  persistent  erythema 
due,  possibly,  to  dilated  capillaries.  This  man  said  that  he  was  blinded 
by  the  flash  and  could  not  esee  for  2  days  afterwards.  On  examination,  the 
eyes  were  normal  in  October. 

Figure  30  'NP  I14a)  shows  the  left  forearm  of  a  man  who  was  standing 
outdoors  at  2400  meters.  He  was  wearing  a  short-sleeved  shirt.-  and  re¬ 
ceived  burns  only  on  if'ncovei-ed  skin.  The  photograph  shows  a  considerable 
degree  of  keloid  f ori:?.r' tion  in  the  center  of  the  burn.  Changes  in  pigmenta¬ 
tion  are  visible  between  tbu  keloid  and  the  healthy  skin. 

Figure  31  (NP  100)  shows  henlinr;  2nd  and  3rd  degree  flame  burns  of  the 
logs  of  c’.  nan  wt-o  ws.s  inside-  a  concrete  factoi*y  building  1300  meters  fresn  the 
center.  The  buildin-g  ^-^as  dair'agad  by  the  blast,  and  all  the  wooden  intfirior 
trimmings  bursx  intr  The  rvotient  was  vroaring  gaiters  and  hoc.^rj  shoes, 

but  v;a,s  burned  r:3  he  escaped  the  fl.a;ies,  j?-aiboi‘ant ,  i  •■if acted  gr.ariul.a- 
tlons  and  some  alterations  iri  pi^pian-bation  at  the  heeling  mai’gins  can  be 
seen.  There  is  some  keloid  formation  in  th-e  heel-ing  lesions  on  the  right 
log. 
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These  illustrations  which  have  been  presented  in  the  order  of  the  distance 
of  the  subject  from  the  bomb,,  show  quite  well  some  of  the  main  features  of 
the  flash  burns  observed  in  Nagasaki, 

1,  The  skin  that  was  bxarned  was  the  skin  which  could  receive  direct 
light  rays  from  the  bomb, 

2,  Clothing  was  protective  to  a  variable  degree,  depending  on  some 
undetermined  relationship  between  the  heat  delivered  and  the  weight,  com¬ 
position,  and  color  of  the  clothing. 

3,  Parts,  like  elbows  or  shoulders,  over  which  clothing  is  often 
tightly  stretched,  were  frequently  burned  when  other  clothed  areas  escaped. 

4,  The  appearance  of  the  healing  burns  with  the  exception  of  the  pig- 
raentary  changes  does  not  appear  different  from  the  healing  of  other  thermal 
burns  of  equal  severity  and  extent. 

Although  there  was  considerable  discussion  among  the  Japanese  and  the 
American  doctors  about  the  cliaracter  of  the  healing  burns,  very  few  reports 
are  available  where  the  end  result  is  described.  The  interest  in  the  nature 
of  the  healed  burns  revolves  around  the  question  of  degree  of  interference 
with  healing,  if  any,  which  may  be  attributable  to  the  gamma  rays.  It  is 
impossible  to  deny  that  all  patients  with  flash  burns  received  some  dosage 
of  ionizing  radiation  inversely  proportional  to  their  distance  from  the 
bomb.  The  desirability  of  special  studies  of  this  problem  was  not  appre¬ 
ciated  until  the  Report  was  being  prepared  and  then  it  was  necessary  to 
rely  entirely  on  the  photographs.  Of  the  photographs  available  for  such 
a  study,  14  have  been  presented  in  this  section,  Figwes  15-30,  inclusive. 
After  tabulating  the  salient  features  of  the  healing  burns;  '  pigmentation, 
depigmentation,  the  zone  of  hjrperpigmentation,  and  keloid  formation,  it 


nao  found  the  patients  formed  tuo  fairly  distinct  groups.  The  results  ar9 
^own  in  T^le  9*  It  is  regrettable  that  l^ere  are  so  few  reliable  observa¬ 
tions ,  but  the  trend  appears  definitet 

TABIE  9 

COWUKM  OF  HEAIED  BURKS  (1) 

ZOME  OF 

DISTANCE  FRCBi  DEPIGMENTATION  PIGMEHTATKa?  tgPEtffIG- 

BOMB.  METSiS  OF  HEAIED  SKIN  OP  HRALFS  SfflW  MENTATICai  lEELOID 


Less  than 

Present 

5 

0 

4 

2 

1400 

Absent 

1 

6 

6 

4 

Beyond 

Present 

3 

7 

2 

2 

1400 

V 

Absent 

5 

1 

6 

d 

a)  At  distances  closer  than  lAOO  meters  the  healed  bom  tends  to  be 
depigsiented  with  respect  to  ihe  intact  skinj  and  there  tends  to  be  a  narrow 
zone  of  hyp^x'pigmentation  separating  the  too. 


b)  At  distances  fai>ther  than  LS^OO  meters,  the  healed  burn  tends  to  be 
pigmented  ivith  respect  to  the  intact  skin  and  the  narrow  ztme  of  hyperpigmenta¬ 
tion  is  seen  less  often. 

c)  Keloid  formation  was  xaore  frequent  in  burns  received  at  distances 
less  than  1/tOO  neterSp 

One  Japanese  report  (1)  joresented  data  on  the  condition  of  the  healed 
skin  of  patients  who  received  flash  bums  in  the  Ohashi  Works-llDO-1500  meters; 
and  in  the  Mcrimachi  Work8-13(X>-1500  meters.  (See  taible  10} .  Apparently  mly 
the  major  single  condition  in  each  ease  has  been  tabulated.  There  is  a  reason¬ 
able  degree  of  similarity  betiiem  the  data  in  Tables  9  and  10.  An  interpretar* 
tim  of  the  sigioificaace  of  tliesb  apparent  differences  in  the  state  of  the 
pigment  in  healed  flash  bums  is  difficult  when  the  nuolber  of  cases  is  so  small. 
(1)  Nii^hima  report.  Appendix:  4  N  (10), 
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It  iaay  be  pointsd.  out.  aos^evss'.  that  ICODr-llOO  ;.;c-:3v>s  has  baen  e;;ti;natcd 
'■ss  the  distance  from  the  point  on  whe  ground  btacath  the  bcrib  at  vdnich  the 
( Krioimt '‘whrlch- .killarl  pOJa  of  .the  sets  reccd\'3jig  the,  doee)  of  .garr;:::a 
rays  vjas- deHveredo  i  . :  ■  .  ,  . 

■■■■f  .  ,  :..a9ABT,E'iO  ■  '  , 


CCI®m(M  W  HEALED  EUhlE 


gjEsritaticn  of  healed  skin . ............ .21 


=  Depigmeataoian  of  hea3.ed  e!dn, . . 13 

Keloid  formation. . . .  5 


Atrophy  of  skin. 


Dilatation  of  ospiilaries . ; . ...  2 

Tot.;;!  Gases  ‘ 

Because  of  the  elniost  univer.-'jsl  infection  of  2nd  snd\3rd  degrse.c,  end 
because  of  the  uncertain  ofiteot  of  the  gamma  radiation  it  is  not  possible 
to  offer  a  fair  generalisation  on  the  rat©  or  Quality  of  the  healing  nrocesso 

■  .  .  .4.  r  ^  -  ibc^'  ,,  , 

Biodata  collectad  by  tne  Joiat  Ccaiirission  does, not  contain  inf or.ms,tioii  suitable 
for  analysis  a  The  mors t  that  can  bo  said  i-s  that  on  27  Kov^ber.  90  days  after 
the  bombing,  Tuhen  the  -ihi'crican  .members  of  the  Joint  0oir4-d.ssion  left  liagasski, 
there  i^ere  still  pat.isnt.s  ixi  the  hospitjO.  '.’dth  2nd  and  3rd  degree  burns  that 
I'joro  far  from  healed.,  ' 


4 


lo  The  mos1i  frequent  t^e  of  therxaal  injury  was  a  flash  burn^  caused 

r 

by  radiant  heat  (consisting  of  infra-red  rays,  visible  and  ultra-violet 
light)  eciitted  during  the  eagjlosion. 

2*  The  overall  incidence  of  burns  is  not  laicwn,  tind  estiaates  vary 
from  35%  to  60^.  Among  persons  \iho  were  unprotected  by  any  material  ob¬ 
jects  between  them  and  the  air  biurst,  the  incidence  was  probably  lOOSS  for 
those  within  a  radius  of  3000  meters^  (2  miles)* 

3o  Second  degree  flash  burns  were  inflicted  on  exposed  skin  to  a  dis¬ 
tance  of  at  least  2500  meters  (1.75  miles).  First  degree  flash  burns  oc¬ 
curred  at  a  distance  as  great  as  4000  meters^  (2«5  ndles). 

4a  Clothing  was  proteoti\c  v>o  a  varioble  extent  depending  on  the  qual¬ 
ity,  color  and  the  intensity  of  the  heatj  but  burns  occurred  under  clothing 
at  least  as  far  as  2500  inetors  from  the  center. 

5«  There  is  no  record  of  any  person  survived  the  effects  of  biurns 
received  (in  the  open)  at  distances  less  than  500  nistcrs  the  centers 

6,  In  the  vicinity  of  the  center,  and  within  a  radius  of  400^500  meters 
c»st  people  in  osqjosed  positions  were  instsntly  Hilled,  burned  to  deaths 
7«  The  healing  flash  burns  displayed  certain  variation©  in  the  pigmen* 
tation,  the  significance  of  viiieh  is  not  apparent  from  the  available  dat§« 
There  is  no  proof  that  the  healing  of  the  burns  was,  or  was  not, 
modified  by  any  effect  of  ionising  radiation  on  the  skina 


(4)  Radiation  injury.  General; 

The  third  major  casualty-producing  agent,  ionizing  radiations,  is  the 
one  which,  differentiates  the  atOBiic  bomb  from  all  other  weapons.  The 
gamma  rays  and  neutrons  which  vrere  emitted  not  only  contributed  materially 
to  the  total  mortality  and  morbidity,  but  they  also  performed  a  biological 
experiment  of  unprecedented  scdpe.  Total  body  roentgen  irradiation  has 
been  employed  therapeutically  since  about  1932,  but  there  are  no  reports  in 
the  medical  literature  of  the  amount  of  X— rays,  gamma  rays,  or  neutrons 
which  is  lethal  for  humans.  Single  doses  of  total  body  radidtions  are  us- 
^lly  given  so  cautiously  that  the  amount  seldom  approaches  the  lethal  dose. 
In  the  case  of  laboratory  animals,  many  studies  have  been  made  with  single 
doses  of  roentgen  rays  of  all  intensities  up  to  1200  KV.  The  ID  50  (the 
amount  which  will  cause  the  death  of  50^  of  the  animal  exposed)  for  X-rays 
is  known  for  a  variety  of  laboratory  anli.ials,  and  is  of  the  order  of  300- 
700  r.  The  biological  effects  of  neutrons,  fast  and  slow,  are  currently 
under  investigation.  The  LD-50  for  some  animals  is  known,  and  the  biologic 
effectiveness  compared  to  X-rays  has  been  reported.  There  have  been  no  ex¬ 
perimental  studies  reported  where  the  biological  effects  of  mixtirres  of 
gamma  rays  and  neutrons  were  studied. 

In  Japan,  dxiring  the  explosion  of  the  atomic  bomb,  total  body  irradia¬ 
tion  with  a  mixture  of  gamma  rays.  X-rays,  and  fast  and  slow  neutrons  was 
administered  to  thousands  of  people.  Because  the  people  were  exposed  at 
varying  distances  from  the  bomb,  and  because  some  vrere  shielded  by  va¬ 
rious  thicknesses  of  different  material,  it  is  proper  to  consider  that  the 
quantity  of  radiation  received  varied  from  many  times  the  lethal  dose  to 
infinitely  small  amounts. 
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This  section  of  the  report  has  been  prepared  from  two  points  of  view; 

(1)  As  a  castialty  study  of  the  effectiveness  of  ionizing  radiation  as  a  war 
weapon;  (2)  As  a  clinical  study  of  the  np.txiral  history  of  the  disease  syn¬ 
drome  caused  by  large  amounts  of  ionizing  radiation. 

The  most  appropriate  nomenclattire  for  the  syndrome  has  been  considered. 

The  commonest  designation  used  by  the  Japanese  investigatoi^  was  the  "atomic 
bomb  disease".  The  members  of  the  Joint  Commission  felt  that  the  terms 
"radiation  sickness",  "irradiation  sickness",  and  "roentgen  sickness"  were 
used  rather  generally  to  connote  the  symptoms  developing  during  roentgen 
therapy  and  radim  therapy,  Becaiise  of  the  manner  in  which  the  disease  oc- 
CTorred,  the  use  of  the  term  "injury"  in  the  name  seemed  appropriate.  The 
questfon  then  was  whether  to  refer  to  "gamma  ray  injury",  or  simply  to  "radia¬ 
tion  injiary".  Since  gamma  rays  were  not  the  only  ionizing  radiation  re¬ 
sponsible  for  the  disease,  it  was  felt  that  the  "syndrome  of  radiation  injusry", 
or  simply  "radiation  injury’/  ws.s  the  preferred  name,  "Radiation  disease" 
has  been  used  alternatively.  There  has  been  no  inclination  on  our  part  to 
emraulate,  or  perpetuate  any  of  the  names  with  Greek  roots  that  some  of  the 
Japanese  coined;  panmyelophthisis,  panhistopathia,  etc.,  for  example. 
Incidence;  In  the  conventional  military  sense,  a  "casiuilty"  may  be  defined 
as  one  who  is  killed  or  is  forced  to  withdraw  from  an  action  because  of  wounds, 
or  disabilities  peculiar  to  the  circumstances  of  combat.  In  the  sense  of  im¬ 
mediate  disability,  the  term  "casualty"  is  not  always  applicable  to  a  person 
with  radiation  injury.  Although  some  people  who  received  lethal  doses  of 
ionizing  radiation  had  symptoms  on  the  day  of  exposure,  it  does  not  appear 
that  many  were  disabled  at  once.  Because  of  the  latent  period  between  ex¬ 
posure  and  the  onset  of  disabling  symptoms,  it  is  necessary  to  take  a 
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broader  vlewj  and  in  connection  with  radiation  injury*  a  "casual t3r'* 
must  be  taken  to  mean  any  person  who  later  died  or  became  sick  enough  to 
require  medical  attention,  or  sick  enough  to  discontinue  his  habitual  occu¬ 
pations.  In  ordinary  warfare,  it  is  usually  possible  to  determine  the 
number  of  casxoalties  that  dccvir  each  day,  or  in  each  phase  of  battle.  In 
"atomic  v/arfare"  it  may  be  weeks  before  the  total  number  of  casualties  can 
be  counted  correctly.  In  Japan  it  was  impossible  for  the  Joint  Commission 
(or  the  Japanese  authorities)  to  determine  any  of  the  folloid.ng  facts; 

(1)  The  total  number  of  persons  who  received  radiation  injury,  alone, 

(2)  The  total  number  of  persons  who  received  radiation  injury  in  addi¬ 
tion  to  other  injuries, 

(3)  The  percentage  of  persons  with  radiation  injury  (either  1  or  2) 
who  died  as  a  direct  consequence  of  it. 

In  the  case  of  radiation  injury,  not  all  the  blame  for  the  lack  of  in¬ 
formation  can  be  ascribed  to  deficient  records.  Other  factors  were: 

(1)  The  failure  of  the  Japanese  to  recognize  the  existence  of  radiation 
injury  in  patients  with  serious  wounds  aixi  severe  burns j  (2)  the  lack  of 
definite  criteria  on  which  to  base  a  diagnosis.  The  first  factor  applied 
to  the  earliest  cases,  within  perhaps  one^week  of  the  bombing.  The  second 
factor  applied  to  later  stages  vihen  maiy,  frank  clinical  examples  of  radiation 
injury  occurred.  .  The- obvious  cases  "were  recognized,  but  there  was  a  large 
group  of  sick  people,  sone^of  whom  had  radiation  injury  which  was  not  diag¬ 
nosed,  and  others  who  were  said  to 'have . radiation  injury  when  some  other  dis¬ 
ease  was  responsible.  As  a' consequence j  there  is  no  satisfactory  estimate 
of  the  number  of  persons  injtired  by  the  ionizing  radiation.  .  The  Joint  Com¬ 
mission’s  questionnaire  were  studied  carefully,  and  criteria  for  the 
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clinical  diagnosis  of  radiation  injury  were  forj^iulated.  The  reader  is  re¬ 
ferred  to  the  statistical  section  for  a  detailed  presentation  of  this  prob¬ 
lem  which  was  the  pjrimary  concern  of  the  statistician.  With  the  criteria 
that  were  decided  upon,  it  was  found  that  the  incidence  of  radiation  injury 
among  the  entire  group  of  3800  patients  surveyed  was  about  35?5.  This  means 
very  little  actually  because  of  the  dimishing  amounts  of  ionizing  radiation 
to  which  people  were  exposed  at  increasing  distances  from  the  center.  The 
incidence  among  the  most  exposed  group  for  example,  (Exposure  Group  A)  was  53^ 

-  65^  within  1000  meters  of  the  center.  The  incidence  decreased  steadily 
to  2000  meters  (See  figure  32)  and  only  a  few  authentic  instances  of  radiation 
injury  were  encountered  farther  than  that.  The  entire  subject  of  the  rela¬ 
tion  of  the  incidence  of  radiation  injury  to  distance,  shielding  factors,  etc,, 
is  presented  in  the  statistical  study,  Section  9, 

The  data  on  ’’the  case-fatality  rate  is  even  less  satisfactory.  The  Jap¬ 
anese  stated  that  of  the  patients  in  whom  the  syndrome  of  radiation  injury 
occurred  in  a  "very  severe  form”  (see  below),  with  symptoms  beginning  shortly 
after  exposure,  100^  died.  In  the  "severe  form",  in  which  there  was  a  latent 
period  of  one  to  two  weeks  before  symptoms  appeared,  the  mortality  rate  \«is 
said  to  be  50^,  Individual  hospitals,  where  small  numbers  of  such  patients 
were  studied,  reported  death  rates  during  the  3rd  to  6th  week  after  the  bomb¬ 
ing,  that  varied  from  100^  ,(2l6  Field  Hospital)  to  20^  (Sawada  Clinic),  In 
the  well-appointed  clinics,  about  one-third  of  the  patients  died,  while  in 
the  aid  stations  the  rate  was  much  higher.  Except  for  a  few  verifiable  data, 
these  estinmtes  represent  the  personal  opinions  of  Japanese  physicians  who 
were  in  attendance.  There  was  a  general  agreement  on  the  50^  death  rate  for  the 
"severe’’  cases  as  an  overall  estimate j.  Dur ing.. the  p'e^dlod,  ! ’October  t6  27 
November,  while  the  Jpint  Commission  was  in  Nagasaki,  approximately  10CK> 
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patients  with  radiation  injury  xvors  stutiLcdc  Of  tliis  niimbor,  about  400  wore 
under  continuous  observation,  'hi  hospitals#  and  of  those  21,  or  died* 

Sie  estimates  referred  to  are  the  bast  available,  but  as'e  all  too  Iotj# 

In  one  small  group  in  the  Fuchi  School,  for  exaxrolo,  of  persons  1000- 
1100  motors  from  the  center  had  evidence  of  radiation  in, jury «  lliQ  lower 
values  found  in  the  statistical  study  probably  represent  the  effect  of  pro¬ 
tection  and  selection  on  the  incidence  ratSo 
Etiologic  Factors  * 

The  ionising  radiation  responsible  for  radiation  injury  consisted  of 
gamma  rays  and  varying  amounts  of  fast.^md  slow  neutrons.  The  source,  the 
quantity  and  the  energies  of  these  radiations  is  pj*opsrly  the  ccncsra  of 
physicists,  and  has  been  described  in  Section  2*  Most  of  our  kn.o’ivledg0  of 
the  physiologic  effects  of  radiation  is  empirical,  based  on  observations  of 
tlie  effect  of  largo  doses  on  laboratory  aiimalaj  and  the  effect  of  small,  doses 
administered  therapeutically  to  patients*  The  theories  of  the  poeolble 
modes  of  biological  action  of  radiation  are  iwb  very  helpful  in  interpreting 
clinical  material*  A  recant  monograph,  J^ea  (1)  makes  the  follovdng  observa¬ 
tions}  "T/e  shall  t  ake  it  for  greinted  that  the  biologioal  effects  of  ionissing 
radiation  are  due  in  some  waj'  to  the  chemicstl.  changes  induced  by  the  radia¬ 
tions*  VJe  are  immediately  faced  with  the  probleci  of  eaq>laining  ivhy  marked 
blologle  effects  are  produced  by  doses  of  radiation  vMch  produce  only  a  small 
degree  of  chemical  changes*  There  ore  several  ways,  ha^rever,  in  vMch  a  small 
overall  perc^tage  chondcal  change  may  ba  jjtnagined  to  be  effective  ,  .  .  .  . 

(1)  Lea,  D.E«,  loc*  cit«  p.  64 
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These  ways  may  be  presented  briefly  as  follows: 

(1)  Activated  Water  Reactions:  In  solution  the  radiation  produces  H/  and 
OH-  ions  from  the  water.  The  capacity  of  these  ions  to  affect  oxidation- 
reducing  systenvs,  and  enzymes  has  been  demonstrated,  and  ’’dilute  solutions 
of  enzymes  may  be  largely  inactivated  by  doses  of  a  few  thousand  roentgens,” 

(2)  Direct  Action  on  large  Molecules:  In  a  general  way,  a  chemical  change 
(i,c,  by  ionization)  in  a  certain  proportion  of  the  molecules  of  a  substance 
by  direct  action  is  inversely  proportional  to  the  molecular  weight.  Thus, 
of  the  molecviles  exposed  to  ionizing  radiation,  the  largest  ones  are  the 
most  likely  to  be  damaged,  or  inactivated  by  ionization, 

(3)  Localization  of  Ionization:  This  refers  to  the  occurrence  of  ionization 

within  or  near  structures  which  are  stifficiontly  vital  for  changes  in  them 
to  affect  the  cell  as  a  whole.  This  effect  has  been  studied  particularly  in 
respect  to  chromosomes  and  genes.  The  passage  through  these  structures  of  an 
ionizing  particle  of  sufficient  energy  will  produce  changes  which  may  be  mi¬ 
croscopically  visible  or  genetically  evident,  i 

Poisons :  "The  products  of  decomposition  of  proteins  and  other  cell 
constitutents  by  radiation  have  not  been  much  investigated,  but  it  is  qxiite 
possible  that  they  may  be  injurious-  in  quite  low  concentrations.  It  is 
possible  that  there  £ire  some  biological  effects  due  to  this  cause.  There  is 
not  much  one  can  say,  however,  about' their  mechanism  ,  ,  ,  , 

In  general,  it  is  accepted  that: the  bioldgical  actions  of  radiation  are 
due  to  the  ionization  that  occurs  in  their  passage  through  tissue.  It  is 
also  recognized  that  the  degree  of  damage  depends  on  the  amount  of  ioniza¬ 
tion  that  occurs.  For  this  reason,  regardless  of  the  nature  of  the  radiation 
to  which  tissue  is  exposed,  equal  amounts  of  ionization  are  believed  to 
(1)  Lea,  loc,  cit.  page  65. 
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cause  equal  effects,  A  precise  interpretation  of  the  effect  of  the  radia¬ 
tion  emitted  by  the  atomic  bomb  would  be  possible  only  if  the  ionization 
in  tissue  of  the  mixture  of  gamma  rays  and  neutrons  was  known.  Since  neither 
the  dose  measured  in  air  nor  the  composition  of  the  radiation  is  known,  es¬ 
timates  of  the  depth  dose  appear  to  be  unobtainable,  Becaxiso  of  the  gaps  in 
our  knowledge  of  the  characteristics  of  the  radiation  delivered  to  the  Jap¬ 
anese,  it  is  only  possible  to  describe  the  symptomatology  and  the  lesions 
obsein/’ed  at  autopsy.  It  is  not  possible  to  attribute  these  findings  to  so 
many  roentgens  (measure  in  air)  on  the  basis  of  experience  with  radiotherapy 
or  animal  studies.  Naturally,  the  effects  st\idied  will  be  less  at  greater 
distances  from  the  bomb;  but  vdiether  a  given  effect  will  follow  the  inverse 
square  law  is  not  certain  because  of  the  mixed  character  of  the  radiation 
and  the  different  amount  of  ionization  produced  in  tissue  by  neutrons  and  by 
gamma  rays  of  various  intensities. 

The  LD-50  of  the  ionizing  radiation  of  the  plutonium  bomb  was  delivered 
to  people  in  a  light  wooden  building  at  a  distance  of  1000-1100  meters  from 
the  point  on  the  ground  beneath  the  explosion.  The  evidence  for  this  observa¬ 
tion  is  fairly  reliable,  and  is  presented  in  Section  11  N. 

The  relative  araotint  of  ionizing  radiation  which  will  cause  detectable 
injury  to  a  cell  is  an  inherent  characteristic  of  the  cell,  and  is  referred 
to  as  its  radiosensitivity.  Variations  in  the  radiosensitivity  of  different 
tissues  is  well  knovm,  and  is  related,  roughly  speaking,  to  the  rate  of 
growth  and  rapidity  of  reproduction  of  the  constituent  cells.  In  the  human 
body,  the  cells  of  the  lympho-hematopoietic  system,  the  gonads,  the  skin  and 
its  appendages,  and  the  intestinal  mucosa  are  the  most  radiosensitive,  in 
about  the  order  named.  In  the  clinical  discussion  that  follows  attention 
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will  be  directed  primarily  to  these  tissues. 

It  is  well  recognized  at  the  present  time  that  all  the  effects  of 
ionizing  radiation  are  harmful*  The  degree  of  injury  m^  vary  from  one 
that  can  only  be  inferred  by  its  late  effects  to  immediate  death  of  the 
cell.  The  degree  of  injury  in  any  given  instance  depends  on  the  relation¬ 
ship  between  the  radiosensitivity  of  the  cell  and  the  amount  of  ioniza¬ 
tion  produced  in  it.  The  physiological  status  of  a  tissue  at  ar^r  time 
after  irradiation  represents  an  equilibriim  between  the  effects  of  the  in¬ 
jury  and  the  amount  of  recovery  or  regeneration  that  has  occurred. 

The  various  complex  interrelationships  that  have  been  mentioned  above 
all  contribute  to  the  difficulties  of  presenting  and  interpreting  the  clin¬ 
ical  syndrome  due  to  radiation  injury. 

Clinical  Considerations; 

The  greatest  difficulty  to  be  overcome  in  the  presentation  of  the  clini¬ 
cal  findings  is  not  the  matter  'of  dosage  of  radiation,  but  the  interpreta¬ 
tion  of  the  role  of  complications  in  the  genesis  of  sjmiptoms •  and  in  the 
causation  of  death.  The  elements  of  the  problem  are  as  follows: 

1,  Ionizing  radiations  caused  certain  clearly  recognizable  changes  in 
some  tissues, 

2.  It  may  be  inferred  that  lesser  degrees  of  injury,  which  cannot  be 
recognized  at  the  present  time,  occurred  in  the  less  radiosensitive  tissues. 

3,  Because  of  (1)  and  (2)  Pathogenic  bacteria,  whose  proliferation  and 

invasion  of  tissue  is  normally  restricted>'  were  able  to  flourish  and  produce 
serious  local  and  general  infections, ,  :  •  . 

4.  The  infections  produced  their  own' symptomatology  and  frequently 
were  the  cause  of  death.  Accordingly,  the  problem  is  to  separate  wherever 
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possible,  the  syndrome  into  its  two  components:  a  primaiT-  portion  due  to 
ionizing  radiation,  and  a  secondary  portion  due  to  complicating  infection. 

This  is  important  because  to  a  large  extent  the  character  of  the  illness j  and 
the  manner  of  death  was  determined  by  the  nature  of  the  complicating  infec¬ 
tion.  The  particular  strains  of  bacteria  that  caused  the  infections,  and  in 
many  instances  the  lesions  v;hich  provided  a  portal  of  entry  for  the  infection, 
were  determined  accidentally,  and  should  not  be  considered  as  prim£uy  patho¬ 
logic  agents  in  the  same  sense  as  the  ionizing  radiations.  To  provide  a  basis 
for  the  distinction  between  the  primary  and  secondary  phenomena,  a  list  of 
the  tissues  in  which  histological  changes  occur  which  can  be  attributed  to 
ionizing  radiation,  is  shown  in  Table  11,  It  is  plausible  to  believe  that 
the  function  of  many  other  cells  of  the  body  was  disturbed  to  a  varying  ex¬ 
tent,  but  there  vras  no  histological,  and  little  physiological  evidence  for 
this  belief. 

TABLE  11 

Tissues  that  were  destroyed  or  damaged  to  a  sufficient  extent  that  typi¬ 
cal  changes  were  found  on  microscopic  examination, 

1.  Lymphopoietic  system, 

^a.  Lymphocytes  of  circialating  blood, 

b.  Lymphopoietic  portions  of  lymphatic  tissues, 

2.  Hematopoietic  System. 

a.  Leukocytes  of  qirculatihg  blood, 

b,  Jfyelopoietic,  erytteopoietic  and  thrombopoietic  portions 
of  bone  marrow,^ 

3.  Gastrb-intes  tinal-.  System:  ^ 

a.  Mucosa  of  intestines. 

b.  Mucosa  of  esophagus  and  oropharynx. 
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4.  Cutaneous  Systera. 

a.  Hair  follicles 

b.  Sweat  glands  and  epidermis 

5,  Reproductive  System. 

a.  Germinal  epithelium  of  testis, 

b.  Primary  follicles  of  ovary, 

Clas s if icat 1 on;  It  is  appropriate  to  assume  that  among  the  thousands  affect¬ 
ed  by  ionizing  radiation  every  degree  of  injury  from  the  most  severe  to  the 
mildest  occurred.  It  might  be  anticipated  on  this  basis,  that  distinct  clin¬ 
ical  syndromes  would  not  be  recognizable,  but  that  there  would  only  be  gra¬ 
dations  of  severity.  In  actual  practice  it  was  rather  easy  to  subdivide  the 
cases  into  4  groups  on  the  basis  of  symptomatology  ard  outcome.  This  classi¬ 
fication,  which  is  shovm  in  Table  12,  is  the  same  as  the  ones  presented  in 
the  Blood  Section  (6)  and  the  Pathology  Section  (8),  The  symptoms  which 
form  the  criteria  were  used  because  of  their  obvious  prevalence,  their  re¬ 
lation  to  the  pathological  lesions,  and  because  the  statistical  study  demon¬ 
strated  the  greatest  correlation  with  radiation  injury.  The  approximato 
mortality  rate  and  the  time-period  during  which  death  occrjrred  provided  a 
substantial  basis  for  grading  the  cases.  It  will  be  seen  in  the  Pathology 
Section  (8)  that  this  division  of  the  fatal  cases  was  very  satisfactory.  The 
relationship  of  distance  from  center  to  the  severity  of  radiation  injtiry  is 
only  an  approximation,  but  it  appears  to  be  valid  for  the  majority  of  the 
cases.  It  should  not  be  given  too  much  weight,  however,  for  shielding  by 
heavy  construction  and  individual  radiosensitivity  resulted  in  many  excep¬ 
tions.  The  effect  of  shielding  oh  the  syndrome  of  radiation  injury  is 
considered  in  detail  in  the  Statistical  Section  (9), 
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T/iBLS  12 


CLASSIFICATION  (F  CONICAL  TTPES  OF 
THE  SllIDROME  OF  RADIATION  INJURY 

MODERATEia 

VERY  SEVERE  SEVERE  SEVERE  ffigD 


Approximate  Mortality 

lOC^ 

5C^ 

Less  than  IC^  Hil 

Tim®  of  Death,  Weeks 

let  &  2nd 

3rd  -  6th 

6th  ~15th 

- 

Kaueea  &  Vomiting 
day  of  bomb 

>  -f 

i*  -r  -r 

4  4 

1 

X 

Leukopenia 

+  r  + 

>4-4 

4  4 

4 

Epilation 

± 

4-4  4' 

4  4 

4 

Purpura 

-1- 

4  4  4 

4  4 

4 

Oropharyngeal  Lesions 

4- 

4  4  4 

4 

Approximate  Distance  from 
Bomb,  meters o 

Less  than 
1000 

1000 

1000-1500 

More  than 
1500 

Iq  the  remainder  of  this  section,  the  U  clinical  types  of  tiie  syndrome 
of  radiation  will  be  considered  separatelya  Because  of  the  diversity  of  the 
material,  a  certain  amount  of  ais^lification  ie  desirable.  Accordingly  in 
the  description  of  the  types  of  cases,  the  discussion  will  be  restricted  to  the 
izain  symptoms  of  epilation  (and  ekin  changes),  oroj^aryngeal  lesions,  pux^pura, 
fever,  dianhea,  and  natisea  and  vomiting  soon  after  irradiationo  An  analysis 
of  the  significance  of  these  symptoms  may  be  found  in  the  Statistical  Section, 

Zn  addition  to  these  observations,  it  is  necessary  to  present  summary  of  a 
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large  amount  of  clinical  research  conducted  mainly  by  the  Japanese,  These 
stvidies  were  performed  on  convsilescent  survivors,  as  a  rulej  and  frequently 
the  records  do  not  permit  a  clear  distinction  of  the  type  of  case  studied. 

The  presumption  may  be  made,  however,  that  the  majority  of  subjects  were  ex¬ 
amples  of  the  severe  and  the  moderately  severe  and  the  mild  types  of  radia¬ 
tion  injxiry.  This  material  will  follow  a  systematic  review  of  symptomatology. 
Very  Severe  Cases;  There  are  not  very  many  reports  available  from  Nagasaki 
concerning  this  type  of  case.  Diiring  the  first  two  weeks  after  the  bombing 
there  was  a  shortage  of  medical  personnel,  and  the  few  hospitals  that  wore 
functioning  were  over-crowded  with  burned  and  severely  wounded  patients.  At 
the  Omura  Naval  Hospital,  the  majority  of  the  patients  with  very  severe  ra¬ 
diation  injtiry  were  bxn“ned  and  the  clinical  records  contain  little  data  of 
value  except  the  blood  counts  and  the  temperatxire  record.  Brief  summaries 
of  the  records  of  3  typical  examples  are  presented  below.  Many  more  such  cases 
were  observed  at  the  216  Field  Hospital  (temporary),  but  no  records  of 
specific  examples  were  obtained.  The  general  remarks  of  the  Commanding 
Officer  of  this  installation  have  been  used  in  the  description  that  follows: 
Onset:  Nausea  and  Vomiting  occurred  to  all  patients  of  this  type  shortly 
after  the  bomb  exploded.  .  There  is, no  detailed  accoimt  of  the  circumstances 
of  this  symptom  for  individual  patients,  but  in  the.  majority  it  appears  to 
have  been  persistent,  and, to.. have  continued  fbr- several  days,  and  in  some 
cases  for  the  entire  cqwse  of  the  villness. 

Fever  vjas  present,  apparently  from  shortly  after  the  onset,  in  all  the 

patients  with  the  very  severe  form.  It  increased  in  amount  each  day,  and 

••• 

in  the  majority  was  a  continuous  fever  of  40°-41°  C  at  the  time  of  death. 
Course:  The  course  of  the  very  severe  cases  was  continuous  in  the  sense 
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that  from  the  appearance  of  nausea  and  vomiting  until  death  there  were  no 
remissions  of  the  symptons  or  signs  of  the  disease.  Rather  there  was  a 
steady  progression  in  the  severity  of  each  symptom  froa  its  inception  until 
death.  This  factor#  the  tempo  of  the  development  of  the  syndrome#  seems  to 
be  one  of  the  most  important  means  of  estimating  the  severity  of  radiation 
injtiry  early  in  the  course  of  the  disease. 

Diarrhea;  was  a  prominent  feature  of  the  course  of  nearly  all  the  patients. 
Its  onset  varied  from  the  day  of  boobing  to  the  day  of  death.  The  stools 
were  described  as  watery#  green-colored#  often  containing  mucus,  and  less 
frequently,  blood.  The  number  varied  frcmi  several  to  15  per  day,  and  the 
character  of  tho  stools  and  the  rectal  tenesmus  that  occurred  resembled  the 
findings  in  bacillary  dysentery.  Associated  with  the  diarrhea,  there  was 
abdominal  cramping  and  tenderness  on  palpation.  In  the  report  of  the  216 
Field  Hospital  (ten^joraiy)  it  is  stated  that  17^  of  the  early  admissions 
developed  this  type  of  diarrhea,  which  was  rapidly  recognized  as  a  specific  . 
entity.  All  the  patients  with  this  sort  of  diarrhea  died. 

Skin  Lesions;  Several  of  the  reports  mention  the  occurrence  of  billnpi.  or 
lajge  vesicles  in  skin  which  had  not  been  affected  by  the  heat.  The  avail¬ 
able  descriptions  of.  these  lesions#  which  occurred  apparently  only  during  the 
first  few  weeks,  are  quoted  verbatim; 

’^There  .were  4  cases  of  death  after  the  patients  developed,  blisters  the 
size- of  a  pigeon’s  egg  scattered  on  the  skin  without  any  apparent  cause. 

Death  came  in  2  days,"  (1) 

"During  the  prodromal  period  (i,e.  1st  1-2  weeks)  bTillae  varying  in 
size  from  a  thumbprint  to  a  hen’s  egg  appeared  in  various  places.  These  may 

(1)  Appendix  4  N  (5). 


55  (5N) 


275 


be  coiapared  to  roentgen-rajr  orythem  (sic),  or  cay  be  the  result  of  radlo- 
a.ct5.Te  material  adherent  to  the 

No  photographs  or  other  i;iatcria3.  is  available  to  illustrate  this  process  in 
the  very  severe  cases 3  but  several  escainples  are  shown  in  the  section  where 
severe  cases  are  discussed,  (See  below), ' 

ilmong  the  v©ry  severe  cases  which  were  studied  at  the  Cteiura  Naval  Hospital, 
the  occurrence  of  herpetiform  lesions  about  the  mouth  was  a  common  finding, 
jto  sample  of  these  lesions  is  seen  in  Figure  33,  None  of  the  other  contem¬ 
porary  reports  mention  them. 

Purpura  occurred  as  early  as  the  3rd  day  after  the  bombing  in  some  pa¬ 
tients  of  the  veiy  severe  typo.  In  others,  cutaneous  purpura  did  not  occur 
before  death,  but  he^rrhagic  lesions  of  the  viscera  vfero  seen  at  autopsy. 

The  frequerry  of  this  synptom  increased  during  the  2nd  week  of  the  illness. 
Epilation,  of  the  scalp  comerced  as  early  as  14  August,  the  6th  day  after 
the  bombing.  During  the  2nd  week  many  of  the  moribund  patients  developed 
this  symptom.  The  hair  of  those  patients  caiao  out  very  easily  and  it  is 
stated  that  sixply  passing  a  wet  hand  through  the  hairs  xvould  remove  many  of 
them.  The  contemporary  reports  are  somewhat  contradi.ctory  about  the  ataount 
of  epilation  of  other  than  scalp  hair. 

Terminally,  many  of  the  patients  displayed  neizrologic  B.vmptom3  cf  varioiuB 
sorts,  Subpial  and  subarachnoid  hemorrhago  was  found  at  autopsy  in  some  of 
them,  but  the  records  are  sc  inadequate  that  the  relation  of  the  symptoms  to 
trauma  cannot  be  determined. 

The  blood  picture  in  cases  of  the  vex’y  severe  type  is  described  in  the 
Blood  Section  (6),  and  ebnsietod  of  iaarked  leuicopenia,  anemia  and  thrombo- 
cytopsnia' 

(1>  Appendix  4  N  (4). 
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;  ^  ^  of  this  farm  of  i*adiation  injury  was  apparently  quite  char^ 

act,  :  istic.  ,  , The  pa^Gnts’ became  progressively  veakor  and  more  apathetib. 
The..&evere  diazrhea  of  so>^ji  the  constant  nausea  and  vomiting^  and  the  anor¬ 
exia  resulted  in  a  clinical  picture  irdiich  larss  typical.  Several  contenporazT’ 
reports  mention  the  haggard  facies,  sunken  eyes  and  progressive  emaciation. 

Death  usuoJJLy  occurred  suddenly,  app^ently  with  heart  failure. 

Examples;  (1)  ,, 

Case  6.  Ar^dL.  Age  41.  Female.  At  the  time  of  the  6Bq>lo8ion  she  was  nearly 
in  the  middle  of  Okamachi,  (2)  within  500  meters  of  the  center.  She  received 
flash  burns  on  the  face  and  arxDs;  and  contusiono  and  abrasions  of  the  legs. 

At  the  time  of  admission  (11-12  August)  she  had  a  temperature  of  39. 4y8- 
entery>like  diarrhea,  and  an  herpetiform  eruption  about  the  mouth,  which  had. 
an  imusual  odor.  On  the  morning  of  13  failed  euddeoly. 

Kemig^a  sign,  ankle  olonUs,  and  opisthotonus  were  present.  Spinal  puncture 
reve&lod  turbid  fluid  mixed  with  blood*  She  died  at  1700,  14  August.  The 
autopsy  disclosed  subarachnoid  hemorrhage  from  several  regions,  but  does  not 
mention  trauma  as  a  osuao. 

Case  a,  Zskei.  Age  17.  Femaleo  At  the  time  of  the  explosion  she  was  approx¬ 
imately  at  1150  meters.  She  received  flash  btirns  of  the  left  arm.  In  the  oourse 
of  the  eicknese  she  developed  asiorexia,  herpetiform  eruption  about  the  nnuth, 
fever  up  to  40°C,  cerebral  symptoms  and  loss  of  eyesi^t.  Petechias  were  first 
noticed  on  11  August  and  later  purpuric  spots  formed  generally.  Blood  examina¬ 
tion  on  14  August  showed;  RBC-l.SOj  Hb,-37^|  -  300,  She  died  at  1630,  15 

August.  . 

Case  9.  Male,  Age  and  distance  from  bona>  not  recorded.  His  only  injury  was 

(1)  Appendix  4  N  (4) 

(2)  Sea  xiagasaki  City  Plan  IHap. 
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a  stcaU  oontusion  of  the  sorotusit  Fever  ooimenced  U  August^  and  increased 
to  AO®>  4X^C  at  the  time  of  death.  Ejpilation  cojnmenced  14  August,  ,^d  on 
the  following  diyr  peteohlae  were  noted,  and  an  hexpetiform  ezniptlon  about 
the  Jitouth.  Death  occurred  at  0015»  16  August* 

Serore  Casesi  Early  Phase.  The  clinical  manifestations  of  this  group  of 
patients  became  afparent  between  the  2nd  and  5th  week  after  the  bombing. 

By  that  time  the  severely  burned  and  Injured  patients  had  died  off  to  a  con- 
alderd>ls  extent  so  that  the  physicians  wore  able  to  devote  more  attention 
to  purely  medical  phenomena*  Furthermore,  the  relief  activities  were  bet> 
tsr  organised  and  groups  of  doctors  from  various  msdical  schools  were  in 
Nagasaki  to  aid  in  the  cars  of  patients  and  to  study  the  effects  of  the  ion* 
islQg  radiation*  For  the  as  reasons  moh  mors  information  is  available  on 
the  patisnto  whose  iUnase  oooun'sd  during  that  tiao*  Zt  is  desirable  to 
oonsidsr  that  this  olaoe  of  patients  were  less  eevoroly  irradiated  than  the 
first  groupi  btib  sinoe  they  lived  longer  manifestations  mi  ee^lieations 
whieh  were  just  beginning  in  the  very  severe  p'oup  had  the  opportunity  to 
develop  ftilly*  The  vfu'ifty  of  olinio  si  syndromes  which  w^o  seen  in  these 
patients  repreemted  the  predomtjianoe  of  one  or  snoth^  type  of  eosplios» 
tlon.  The  most  ioport^it  single  differ^eo  between  the  severe  and  the  veiy 
severe  oaees  woe  the  teapet  idiioh  the  manifestations  of  r  edigtion  in jin'y 
dsvelcped* 

Oftsstt  Haussa  md  Vosdting  soon  after  the  estploai^  wee  esq^erisneed  by  the 
majority  of  patients*  The  time  of  onset  whm  it  was  r  soorded,  was  in  the 
early  afternoon  of  9  Auguet««2  to  3  hours  after  the  bodging*  Asseoiatsd 
with  this  was  seat  fsvsr.  in  the  more  serleusSy  offsetod,  the  nausea  aid 
vomiting  and  eoms  ISvar  oentinusd  for  several  doysi  then  eubeided* 


The  high  Incidence  of  nausea  aM  vomiting  on  the  day  of  the  bcanbing 
was  observed  and  conmented  upon  by  all  the  Japanese,  Some  recognized  the 
similarity  of  this  symptom  to  the  nausea  aM  vomiting  which  occurs  frequently 
in  patients  receiving  intensive  roentgentherapy.  The  majority  of  the  con¬ 
temporary  reports,  however,  attributed  these  immediate  symptoms  to  psychic 
shock,  exhaustion  and  the  distressing  odor  of  the  dead.  The  statistical 
study  (Section  9)  considered  this  symptom  carefully  and  found  that  it  had 
the  highest  correlation  with  radiation  injviry  of  any  symptcmi  investigated. 
Course ;  Latent  Period,  After  the  vomiting  had  stopped,  whidh.  generally- 
coincided  with  a  cessation  of  fever,  a  latent  period  occusrred.  Throughout 
the,  duration  of  it,  the  p&tients  were  said  to  have  felt  well  except  for 
lassitude  and  anorexia  in  some  instances.  It  is  apparent  tliat  the  duration 
of  this  latent  period  is  of  considerable  importance  and  that  it  probably 
bears  a  close  relation  to  the  severity  of  the  radiation  injury.  This  fact 
was  not  apparent  to  the  Japanese  physicians,  and  therefore  no  records  are 
available  of  the  length  of  this  latent  period  in  different  types  of  patient. 
From  individual  records  it  is  found  to  be  veiry  short  in  some,  and  quite  long 
in  others.  In  the  typical  patient  with  severe  radiation  injury  it  varied 
from,  say  2  to  28  days*  The  latent  period  was  terminated  the  appearance 
of  any  one  of  several  symptoms.  The  order  in  which  these  are  presented  below 
is  based  on  the  results  of  a  study  of  the  number  of  days  between  the  bombing 
and  the  onset  of  certain  symptoms  in  a  group  of  patients  who  survived  longer 
than  20  days, 

Diarrheat  lifhen  it  occuired  in  patients  with  the  severe  type  of  radiation 
injury,  was  quite  similar  to  that  which  affected  those  with  the  very  severe 
type.  The  stool  was  watery  and  mucoid  and  was  reported  as  grossly  bloody 
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in  approxioigtely  ona~si;:th  of  the  patients  who  siirvived  20  da^s.  The  num¬ 
ber  of  stools  per  day  was  quite  variable.  Abdominal  cramping  and  tenesmus 
were  not  so  severe  as  in  the  usual  case  of  bacillary  dysentery.  For  a  large 
group  of  patients^  the  mean  day  of  onset  v/as  the  l6th  after  the  bojdjing, 
and  the  cean  duration  was  10  dayso  Airong  patients  whose  location  would 
zander  them  the  most  liable  to  severe  radiation  injury,  diarrhea  was  report¬ 
ed  by  50^  at  some  tiine  after  the  bombing.  The  incidence  of  diarrhea  in  the 
persons  least  likely  to  have  radiation  injury  varied  from  12SS  to  3(^o  With 
the  appearance  of  diarrhea.  The  majority  of  tiie  patients  with  radiation 
injury  became  febrile.  The  step-like  daily  increase  of  the  maatijraim  ten^i^ 
ature  resembled  the  fever-cttrves  of  the  enteric  fevers  and  had  there  not 
been  such  abundant  evidmce  for  another  causation,  the  majority  of  ^perienced 
clinicians  would  have  diagnosed  "typhoid"  or  "o^sentery". 

Among  the  reports  received  from  the  Japanese  physioiana  there  was  one 
(1)  Tdiich  described  bacteridogic  and  immunologic  studies  of  the  diarrhea. 
Stools  of  17  patients  were  examined,  apparently  once,  and  S«  dysenteriae 
(type  Shiga)  was  cultured  from  one.  Serum  agglutination  reactions  were 
positive  against  Shiga  bacillus  in  titres  in  excess  of  1:160  in  7  of  the  37 
patients.  In  view  of  the  poor  quality  of  laboratory  work  done  in  Japan 
currently^  this  must  be  accepted  as  a  minimum  estimate.  The  etiology  of  the 
diarrhea  has  been  difficult  to  determine.  There  was  a  large  amount  of 
diacrhea  reported  among  the  survivors,  and  the  incidence  was  high  (12$()  in 
persons  whose  position  was  such  that  radiation  injury  seems  unllkeLy.  The 
statistical  correlation  of  diarrhea  with  such  a  symptom  as  epUation  was  not 
vezy  great.  Opposed  to  these  findings  is  the  evidence  of  the  clinical 

(1)  Appendix  4  N  (13). 
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records,  when  diarrhea  of  a  partictilarly  debilitating  sort  is  reported  in 
most  patients  with  the  severe  type  of  injiary.  Regardless  of  the  etiology, 
diarrhea  was  one  of  the  earliest  and  most  serious  feattires  of  the  acute  type 
of  radiation  injury. 

Epilation  appears  to  have  been  the  commonest  symptom  which  terminated  the 
latent  period^  and  heralded  the  onset  of  the  acute  sj^mptoms  of  radiation 
injury.  It  was  also  the  clinical  symptom  most  ceirfcainly  due  to  ionizing 
radiation.  Among  the  patients  with  the  severe  tyjje  of  radiation  injury, 
epilation  m.3  regularly  observed.  An  inspection  of  the  clinical  records 
indicated  a  rough  correlation  between  the  time  of  onset  of  this  symptom  and 
the  severity  of  the  syndrome  that  developed.  In  general,  the  patients 
who  epilated  earliest  were  the  sickest,  '  The  mean  day  of  onset  for  all  pa¬ 
tients  who  displayed  this  symptom  was  the  21st  day  after  the  bombing. 

The  alopecia  which  developed  was  symmetrical,  with  a  tendency  for  the 
crown  to  become  epilated  earliest.  The  typical  appearance  is  shown  in 
Figures  34>  35  and  36}  and  37;  for  children,  women  and  men,  respectively. 

The  obvious  epilation  involved  the  scalp  and  although  the  Japanese  reported 
the  loss  of  hair  from  eyebrows,  beards, aaxillae  and  the  pubis,  few  indubitable 
examples  were  seen  by  the  American  Jfembers  of  the  Joint  Commission.  The 
Japanese  is  not  very  hairy  ordinarily,  and  the  only  clinical  test  of  roentgen 
epilation  which  was  valid  was  the  ease  with  which  hairs  cotild  be  pulled  out. 
This  phenomenon  was  only  observed  after  1  October  in  the  case  of  the  scalp. 
Soon  after,  or  concurrently  with  the  advent  of  epilation  the  majority 
of  the  patients  became  febrile.  If  diarrhea  with  its  fever  had  preceded  the 
epilation,  there  was  a,n  exacerbation.  The  pattern  of  the  fever  was  not 
characteristic,  although  a  tendency  for  a  step-like  daily  increase  was  ob¬ 
served  in  many  patients.  The  fever  curves  which  were  available  were  of  ' 
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every  type;  remittent,  intermittent,  and  continuous,  and  the  variation 
nas  60  great  that  no  single  exao^le  can  be  offered  as  typical. 

In  a  number  of  patients  with  the  severe  type  of  radiation  injury, 

bullae  and  vesicles  appeared  on  the  uiiburned  skin  2  to  3  weeks  after  the 
booibing.  !nie  likelihood  that  such  lesions  were  a  form  of  roentgen  derma¬ 
titis  has  been  suggested.  (1)  PhotograjAis  are  available  of  three  escan^les 
of  this  process.  The  child  shown  in  Figure  3d,  ultimately  recovered  after 
a  severe  illnesse  The  woman  shown  in  Figures 39  end  40.,  died  about  10  days 
after  the  jdxotos  were  made,  with  severe  radiation  disease.  The  type  of  ne¬ 
crosis  seen  in  these  bullae  is  shown  in  Figure  41o 

At  the  time  that  the  fever  and  epilation  occurred,  either  or  both  of 
two  very  characteristic  conditions  also  appeared:  orophayngsal  inflammation, 
and  purpura.  There  was  so  great  a  variety  of  inflammatory  processes  in  the 
mucous  membranes  of  the  mouth,  throat  and  larynx  that  it  is  convenient  to 
discuss  them  jointly.  Actually,  in  iiK>st  patients  the  first  evidence  of  these 
{urocesees  was  a  gingivitis  with  painful  swelling  of  the  gums,  frequently 
associated  with  some  gingival  bleeding.  From  the  onset,  however,  lesions 

(1)  "Sometimes  the  acute  reaction  is  of  the  bullous  type  with  large  raised 
blebs  containing  abundant  serum  not  infrequently  becoming  secondarily  in¬ 
fected.  If  the  radiation  has  been  very  heavy,  ulcers,  shaxply  defined  and 
punched  out,  may  appear  about  2  months  after  exposure." 

S.  V/arren,  "Effects  of  Iladiatlon  on  Normal  Tissues".  Page  1$3.  Reprint 
Cancer  Commission  of  Harvard  University. 
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occurred  in  any  part  of  the  oral  cavity,  the  pharynx,  the  larynx,  the  nose, 
etc,  vath  the  appearance  of  such  symptoms  the  fever  became  even  more  marked 
The  progress  of  the  oropharyngeal  lesions  was  rapid.  From  a  stage  of  simple 
inflammation,  the  lesions  became  more  extrusive  and  more  painful,  A  viola¬ 
ceous  discoloration  was  described  in  mar^  of  the  records,  and  ulceration  was 
frequent.  In  the  more  severely  affected,  the  ulcerative  lesions  became  ne¬ 
crotic,  and  the  contenpoiary  description  used  the  terms:  pseudo-membranous, 
pseudo-diphtheritic,  gangrenous,  noma,  aphthous,  etc,,  to  describe  the  ap¬ 
pearance,  Large,  sloughing  ulcers  developed  in  many  cases,  arai  when  these 
extended  into  the  larynx,  death  from  suffocation  occurred.  In  the  records 
of  the  fatal  cases,  necrotic  ulcerations  were  a  frequent  occurrence,  while 
in  the  reports  of  the  survivors  they  were  less  frequent,  and  only  approximate¬ 
ly  1055  of  the  most  exposed  group  reported  them,  ^fel.ny  of  the  deaths  occurred 
during  this  stage,  and  it  seems  obvioiis  tiiat  these  severe  infections  were  re¬ 
sponsible. 

The  Japanese  physicians  who  were  familiar  with  agranulocyte  angina 
stated  qiiite  positively  that  this  typo  of  lesion  was  similar  in  appearance. 

Most  of  them  also  said  that  the  lesions  in  the  patients  with  radiation  injury 
were  more  severe  and  extensive  than  the  ones  ordinarily  seen  with  severe  leuko¬ 
penia,  due  to  other  causes.  It  was  generally  assimed  that  the  nasopharyngeal 
lesions  were  of  bacterial  origin,  although  there  are  no  records  of  bacterio¬ 
logical  studies.  The  possibility  that  a  roentgen  mucositis  or  epi thelitis 
was  partly. responsible  for  the  inceptions  of  these  lesions  was  suggested  by 
some  Japanese  workers.  At  one  period,  the  medical  officers  of  U.S.S,  HAVEN, 
gave  the  Japanese  some  penicillin  which  was  used  to  treat  patients  with  this 
type  of  lesion.  Defervescence  and  healing  was  remarkably  prompt?  but  there 


(1)  Api)endix  4  N  (2) 
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are  no  data  on  the  dosage,  or  the  infecting  organisms,  A  severe  broncho¬ 
pneumonia  (See  Pathology  Section)  was  a  frequent  complication  of  these 
severe  ulcer o~necrotic  processes  in  the  oropharynx  and  the  upper  respiratory 
tract.  Among  the  material  from  HagaSciki  there  were  veiy  few  X~ray  ax-» 
aminations  or  bacteriologic  studies  of  such  cases;  and  the  extensiveness 
of  the  pulmonary  lesions  was  only  apparent  at  autopsy. 

The  mean  day  of  onset  after  the  bombing,  for  oropharyngeal  lesions  was 
the  22nd  day;  and  the  man  duration  of  the  lesions  was  from  10  to  12  days. 

In  the  most  exposed  group  of  patients  who  lived  longer  than  20  days,  ap¬ 
proximately  4055  had  some  type  of  inflaxumation  in  the  mouth  or  throat.  Since 
this  groi^  includes  many  less  severely  affected  cases,  the  incidence  in 
severe  cases  was  obviously  vary  high. 

Purpura  appeared  in  patients  vdth  the  severe  type  of  radiation  in¬ 
jury  at  about  the  same  time  as  the  oropharyngeal  inflammation.  Naturally, 
there  was  soma  variation  between  cases,  so  that  in  one  patisiit  the  one 
sysptom  would  occur  first,  and  in  another  the  other.  Among  the  severe  cases, 
the  majority  exhibited  both  phenomena,  while  in  the  xailder  cases,  one  or  the 
other  might  occur  alone.  Figures  42,  43  end  44  show  typical  examples  of  the 
cutaneous  purpura. 

(1)  Thi*oughout  this  sectioh,  the  term  .purpura  Viiill  be.  used  to  inclxide 
hemorrhagic  manifestations  of  all  types,  such  as  are  cuatomarily 
seen  in  patients  with  purpura  hemorrhagica.  The  terms  hamorrha/dle 
tendency  and  hemorrhagic  diathesis  vjore  favored  by  the  Japanese; 
but  they  have  restrictive  connotations  which  purpura  does  not. 
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The  changes  in  hematologic  findings  in  these  patients  consisted  of 
thrombocytopenia  and  alterations  in  bleeding  time  and  clotting  time.  The 
earliest  manifestations  of  purpto^  vjere  gingival  bleeding  and  petechiae* 

In  cases  with  marked  purpura  every  knotrm  sort  of  hemorrhagic  manifestation 
ttaa  observed.  Spistaxis  and  mestsrrhagia  were  especially  serious  because 
large  amounts  of  blood  were  lost ^  and  control  was  difficult.  In  many  c(xi- 
tefoporary  Japanese  reports  tlie  statement  appears  that  "ev^y  kncRm  method  of 
controlling  hemorrhage  failed”.  In  addition  to  the  obvious  manifestations 
of  purpura,  hemorrhages  occurred  in  the  viscera  and  the  central  nervous  sys¬ 
tem  which  contributed  to  the  syc^tomatology  and  the  mortality.  In  general, 
there  does  not  appear  to  have  been  anything  unique  about  the  purpura,  Physi¬ 
cians  vdth  hematologic  experience  said  that  it  resembled  that  of  benzol  poi¬ 
soning  most  .dLosely,  and  was  of  shorter  duration. 

The  mean  cmset  of  purpura  was  on  the  24th  day  after  the  booibing;  and  the 
mean  duration  in  the  most  severely  affected  group  of  patients  was  13  days. 

The  Inoidenoe  of  purpura  in  the  most  exposed  group  of  survivors  was  2^j 
which  is  a  low  value,  (1) 

la  some  of  the  sevarec  cases  where  vesicles  (2)  occurred  in  the  skin  pf 
Ijatloits  with  purpura  there  was  hemorrhage  into  them  and  such  lesions  then 
broke  down  and  became  ulceratlveo  (See  figures  41  and  45*) 

Saopuratien  of  wounds  and  bums  which  had  been  healing  satisfaetoxily 
oeourred  In  the  early  phase  of  the  aoute  stage.  This  appears  to  have  been  a 
rather  general  oooturenoe,  and  it  is  reported  in  xtiany  of  the  contenq;>orary 

(1)  For  a  ooo^ete  diecuesion  of  the  mean  onsot  duration  and  Incidence  of 
eyBqptoms,  see  the  Statistical  Sectionu  (9). 

(2)  Appendix  4  K  (1) 
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reports,  The  cpncion  glass  fragment  wounds  whose  tendency  was  to  heal 
slowly  (because  the  fragments  frequently  were  not  removed)  were  particu¬ 
larly  affected.  These  lesions  became  severe  necrotic,  often  ecthymatous 
ulcers  at  this  time  (figure  45)  and  undoubtedly  contributed  greatly  to  the 
septic  state  of  the  patients. 

The  blood  pictiare  during  the  acute  or  early  phese  of  the  severe  type 
showed  striking  changes  with  letikopenia,  and  thrombopenia.  Anemia  was  less 
marked,  although  the  serial  studies  showed  a  steady  decrease  in  red  cell 
count.  The  changes  in  the  blood  are  described  in  detail  in  the  Blood  Sec¬ 
tion  (5), 

An  example  of  a  typical  fatal  case  of  the  severe  type  of  radiation  in¬ 
jury  is  presented.  It  is  a  synthesis  of  several  incomplete  records: 

Case  Xj  Age  ?,  Was  less  than  1000  meters  from  the  center.  He  received 
no  burns  or  mechanical  injiiries.  Nausea  and  vomiting  occurred  on  the  day  of 
the  bombing  and  persisted  for  several  days.  He  then  felt  fairly  well  for  the 
next  7  or  8  days,  when  a  diarrhea  commenced.,  associated  with  moderate  fever. 

On  the  12th  day  after  the  bombing  his  gums  became  painful  and  his  throat  sore. 
On  admission  to  hospital  he  was  febrile  (38,5°G)  and  the  cervical  lymph  nodes 
were  slightly  swollen. and  tender.  He  noticed  epilation  for  the  first  time. 

The  following  day  gingival  bleedihg  and  epistaxis  occurred  and  petechiae  were 
found  in  the  skin  of  the  legs  and -arms.  The  diarrhea  became  more  severe.  His 
temperature  vras  . increasing,. steadily.  During  the  next  few  days,  his  gums  and 
throat  became  ulcerated  and  swallowing  was  almost  impossible.  Meanwhile, 
purpuric  spots  appeared  generally  and  gross  hemturia  was  noticed.  On  the 
following  day, Ms  vision  suddenly  became  dim,  and  delirium  occurred.  His 
fever  was  continuous,  varying  from  40°  -  41°  C.  He  died  suddenly  on  the 
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18th  day  after  the  bonbing®  The  clinical  picture  tjhioh  has  been  presented 
thus  far  may  be  conaidOTed  the  early,  or  acute  phase  of  the  severe  type  of 
radiation  injurya  Hany,  patients  died  ifdthin  a  week  or  t  wo  of  t  he  onset  of 
some  or  all  of  the  sya^toms  mentionedo  Of  this  we  know  only  little, 

clinically,  although  since  many  came  to  autopsy,  there  was  abundant  patho» 
logical  material.  The  pati^ts  who  survived  two  to  three  weeks  in  spite  of 
Uxo  lesions  described  generally  went  on  to  recovery.  These  patients  were 
rather  thoroughly  studied  daring  convalescence;  and  most  of  the  studies  by 
the  Japanese,  and  all  the  studies  by  the  American  doctors  were  performed  on 
them,  as  well  as  on  the  moderately  severe  and  caaeso  In  mahy  of  the 
Japanese  reports  all  the  survivors  are  grouped  together  and  a  preaentation  of 
the  couraes  of  the  various  types  of  radidtion  injury  (l.eo  severe,  moderate, 
and  mild)  is  difficult.  Unfortunately,  the  eaaie  lumping  together  of  a11 
survivors  has  been  practiced  in  the  statistical  study  of  the  questionnaires . 
Nevertheless,  thez>o  were  differences  which  we  shall  atteiqpt  to  presoat. 

Severe  Caasa;  late  Phase. 

The  convalescence  of  patioits  with  severe  radiation  Injury  began  rather 
suddenly,  and  Jn  general  coincided  with  an  increase  of  the  leukocyte  count 
which  occurred  In  the  5th  r  6th  week  after  the  boodxlng*  Deferveseenoe  ap» 
peers  to  have  been  rapid;  and  in  the  course  of  2>3  weeks  the  ulcerating  lesions 
in  the  oropharynx  and  the  akin  healed.  Wounds  which  had  been  -suppurating 
displayed  the  same  tendency  to  improvement.  The  purpura  subsided,  and  fhe^ 
petechias  and  new  episodes  of  hemorrhage  did  not  occur.  There  does  not 
pear  to  have  been  much  change  in  the  epilated  skin  during  the  first  2*4 
weeks  of  Convalescence,  and  only  a  few  contesyxorary  reports  describe  the 
regrowth  of  hair  at  this  timco  The  red  blood  cell  count  reached  the  lowest 
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value  on  an  average,  dm'ixig  the  eaxly  vieeks  o£  convalescenoo  (?th  ~  8th  week 
after  the  boinbing)c  some  patients  whose  acute  course  had  been  particularly 
stormy,  the  coincidence  of  anemia  and  an  intercurrent  infection  was  often  fa® 
tal»  The  roajority  of  the  infections  which  occurred  at  this  time  were  of  the 
respiratory  tract,  and  in  spite  of  a  fair  leukocyte  response,  some  patients 
died  with  pneumonia. 

It  is  difficult  to  genorclizo  further  about  the  course  of  patients  dur¬ 
ing  convalescence  for  the  rapidity  of  their  recovery  depended  on  a  variety  of 
factors^  the  more  la^ortant  of  which  were:  the  severity  of  the  radiation  In® 
juiyj  the  severity  of  the  associated  injuries  and  infeotionsj  the  degree  of 
emaciation  and  debility  that  had  developed  during  the  aoute  illness,  etOo 
The  younger  patients,  end  those  with  few  or  mild  associated  injuries 
usually  improved  slowly  but  steadily,  so  that  by  mid-October  (i.e,  10th  week) 
the  majority  were  sufficiently  recovered  to  leave  hospital,  ojid  to  resume 
their  habitual  oooupatlone*  A  summary  of  tho  olinioal  reoord  of  a  typical 
ease  is  presentedi 

Gaee  30$U$  K#  Matsuo,  Age  49*  Male,  1200  meterso 

Patient  was  etandlng  outdooors  behind  a  wall,  and  received  a  mtoor  2nd 
degree  burn  of  fees  and  nookt  Nausea  and  vonltiag  ooourred  only  cn  the  day 
of  the  boBlBing*  He  remained  fairly  w^,  exeapt  for  tha  bums  until  22 
AmgiMt  (13th  day)  when  gingivitia  devalepad*  Spilatioa  wae  first  notieed 
on  23  Auguat  and  hair  continued  to  fall  out  until  10  Septembert  Purpura 
oofoneneod  5  Ssptaidbor,  but  was  not  voiy  eevaro.  Pharyngitis,  which  was 
qjuito  sovwo  startsd  on  7  deptei^era  The  ulceration  heeled  witiiin  1/)  daysj 
but  aoranoas  was  stiU  present  in  Ootebert 
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One  characteristic  group  of  patients  ivas  studied  who  had  survived  the 
early  or  acute  stage  of  severe  radiation  Injury,  but  in  whom  convalescence 
did  not  occur,  on  the  usual  sense  of  the  x'fordo  The  oropharyngeal  lesions, 
the  purpura  disappeared,  and  the  fever  subsided;  but  a  steadily  progress^ 
ive  cacho3£ia  developedo  The  clinical  findings  in  15  such  cachectic  patients 
are  described  in  a  report  by  Urabe  and  Mon  jo  (l)o 

The  typical  features  of  the  syndrome  wore:  progressive  anemia;  chronic 
diarrhea;  hj^oproteincmia,  with  mutritional  edema;  and  extreme  emaciation o 
7  of  these  patients  died  and.  were  aubopsied  during  the  period  of  study  by 
the  Joint  Coraaissiono  Couplet®  autopsy  protocols  are  filed  in  the  Aray  In¬ 
stitute  of  Pathology,  (Accession  Kucibers  15CS930— ISi.,  IVO,  192,  193>  194, 

195,  196). 

Moderately  Severe  Cases.  - 

This  type  of  the  syndi'oae  of  r  adiation  illness  occurred  frequently  in 
people  who  wore  farther  than  1500  meters  from  the  bomb.  There  were  also 
many  cases  in  the  occupants  of  the  reinforced  concrete  buildings  of  the  Hos¬ 
pital  of  the  Hagasaki  Medical  College.  The  incidence  of  any  of  the  specific 

(1)  Appendix  4  K  (24) 
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syrapytoms  of  radiation  injiary  was  about  2/3  of  the  frequency  in  patients 
with  the  severe  type.  Epilation  appeared  in  the  moderately  severe  cases 
on  an  average. in  the  3rd  week  after  the  bombing.  It  Was  less  complete  than 
in  the  more  heavily  irradiated  patients,  and  the  regrowth  of  hair  was  evi¬ 
dent  early  in  convalescence.  The  majority  of  such  patients  experienced  naxisea 

/ 

and  vomiting  shortly  after  the  bombing,  but  the  symptom  seldom  persisted  af¬ 
ter  the  first  day.  The  latent  period  before  the  onset  of  typical  symptoms 
was  protracted,  and  varied  from  2  to  4  weeks,  Dirring  this  time,  diarrhea 
was  reported  by  a  portion  of  the  patients  but  the  available  descriptioi©  sug¬ 
gest  a  mild  type  in  comparison  with  that  which  occurred  in  the  more  severely 
injured.  Oropharyngeal  inflammations  usually  terminated  the  latent  period  but 

these  were  mild,  and  althovigh  painful,  swollen  lesions  occurred,  ulceration 

» 

waS/  the  exception.  The  course  of  those  lesions  was  short,  and  the  amount  of 
fever  that  accompanied  them  was  seldom  of  high  degree  or  long  duration.  Pur¬ 
pura  occurred  in  mny,  but  the  manifestations  consisted  generally  of  gingival 
bleeding  and  some  petechiae.  Wound  infection  was  common,  but  was  of  moderate 
severity.  The  degree  of  leukopenia  which  was  recorded  was  variable,  but  it 
seems  coirect  to  say  that  in  mpst  patients  the  white  cell  count  was  not  less 
than  1500  per  cubic  millimeter.  The  constitutional,  or  subjective  symptoES  of 
malaise,  anorexia,  lassitude,  headache,  etc'.,  were  more  apparent,  and  often 
more  distressing  than  the  specific  symptomatology.  Good  examples  of  the 
course  of  patients  with  the  moderately  severe  type  of  radiation  injury  are  to 
be  foTond  in  the  eye  witness  accounts,  (13)  and  (18)  Appendix  3  N, 

Mild  Cases;  Patients  with  the  mild  type  of  the  syndrome  of  radiation  injury 
were  generally  farther  than  1500  meters;  from  the  center,  or  were  in  well 
shielded  locations.  The  specific  symptoms  of  radiation  injiary:  epilation. 
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pxirpta^a,  oTOph^yngeal  lixtlasEiation,  and  nausea  and  Yoiniti.ng  on  the  day.  of.  . 
,.J.he  boirib,  either  did  not  occur^  or  occurred  singly  end  in  a  .very  mild.  fom. 

The  recognition  of  this  class  of  patients,  depended  to  a  large  degree  on 
whether  .or  not  a  leukocyte  count  was  laade  at  an  appropriate  timoo  This  kind 
of  patient  had  leukopenia  ranging  from  2000  to  4000  w.b.c.  during  Uio  4th  to 
6th  week  after  the  bonibingo  In  addition  to  the  leukopenia  and  the  occasional 
incidence  of  a  specific  oyisptosi,  a  variable  number  of  constitutional  synptoms 
or  conplaints  occxared.  Malaise,  easy  fatigue,  anorexia  and  headache  were 
oommon  in  this  type  of  patiento  A  moderate  degree  of  anemia  occurred,  and 
it  seems  reasonable  that  many  of  the  con?)laintp  were  due  to  this.  These  pa¬ 
tients  began  to  feel  better  after  the  6th  to  8th  week,  and  by  the  tine  the 
Joint  Commission  arrived  in  October^  most  had  made  good  z^coveries,  both  syap* 
tomatically  and  to  some  extent,  hematologic  ally  o  Typical  oxacples  of  the 
mild  form  are  to  be  found  in  the  eyo  witness  accounts:  (14)  and  (19))  Appendix 
3  No 

Special  Studies;  A  detailed  description  of  the  manifestation  of  radiation 
injury  on  the  various  regions  and  functions  of  the  human  bodiy  would  prolong 
this  section  to  an  undesirable  extent.  Many  studies  of  special  features  of 
radiation  injury  were  carried  out  in  Japan  and  some  of  these  contributed  conr> 
slderably  to  an  iinderstanding  of  the  clinical  ayndromeo 
Eyes:  Members  of  the  Clinic  of  the  Kyushu  Imperial  Uhivereity  were  in 
Nagasaki  from  24  August  one  Their  repor^^^f  the  type  of  ocular  injuries  is 
the  only  contenporary  one  available»  The  burns  and  traumatic  injuries  to 
eyes  were  of  the  sort  that  would  be  expected.  Lesions  attributable  to 

(1)  Appendix  4  N  (7)« 
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radiation  injxiry  were  descidbed  in  a  second  report.  (1)  They  stated  that 

retinal  hensorrhages  were  not  observed  before  the  10th  day  after  the  boaibing; 

After  that  tioe  purpwic  lesions  wore  also  seen  in  the  lids  and  the  a\ib» 

junctival  tissues.  At  some  time  subsequent  to  the  15th  day  they  examined 

the  fundi  of  155  patients  with  the  clinical  symptoms  and  3.aboratory  find- 

Ings  o;f  radiation  injiu'ye  Of  these^)  22^  or  lA-fS  vtere  found  to  have  retinal 

hemorrhages.  An  excellent  water-color  painting  of  the  retinal  lesions  in 

one  of  their  patients  is  reproduced  as  Figwe  46. 

At  a  later  date^  between  20  September  and  6  October^  Major  John  J.  Flicks 

11.C.  AeU.So  examined  the  eyes  of  a  number  of  patients  with  radiation  injury. 

(2) 

The  incidence  of  hemorrhagic  retinitis  is  not  given  in  his  report,  but  the 
details  of  the  lesions  in  46  patients  are  presented.  The  typical  lesion  ob¬ 
served,  and  the  frequency  of  their  occurrence  is  shown  in  Table  13.  This  is 
a  very  useful  report  with  base  histories  of  iUustratjtfe  sketches. 


TABIE  13 


(1)  Appendix  4  N  (B) 

(2)  "Ooulat'  i&xjuries  Produced  by  the  Atomic  Bombing  at  Nagasaki”  by  John  J« 
Flick,  Major »  M.C.  filed  at  Army  Institute  of  Pathology,  Aocesaion 
#15«930 

•sporoentages  add  up  to  more  than  10^  because  more  than  one  type  of  lesion 
occurred  in  some  patients. 


Ears,  No30 ,  Throat:  Dr*  Kashiv?ado  exsinined  ths  esrs^  nose  end  throats  of 
approximately  150  inpatients,  and  50  outpatients  v/ho  were  convalescent  or 
recovered  from  radiation  injury.  A  siaall  percentage  complained  of  dryness;/ 
of  the  nose  since  the  boiabingo  There  vjas  no  evidence  that  such  a  condition 
was  due  to  irradiation. 

An  interesting  clinical  report  of  two  sisters  vho  developed  laryngeal 
involvement  as  a  f eatui'a  of  the  orophai-yngeal  inf lanmabion  stage  of  radiation 
injury,  was  prepared  by  Dr,  Sasaki  and  iiis  associates.  Tracheotoiiy  was 
necessary  in  each  case;  althou^  in  one  child  there  was  laryngeal  edema,' 
while  the  other  developed  a  severe  necrotizing  ulceration.  Colored  illustra¬ 
tions  of  the  pathologic  lesions  which  accompanied  the  report  are  shovjn  in 
Figures  47  end  4d«  These  are  the  only  good  pictures  of  the  type  of  lesion 
that  occurred  in  the  mucosa  menbranos  of  patients  with  radiation  in juryo 
Cardio-vasoular  System;  The  report  of  the  I  Medical  Clinic  (Dr.  Misao, 

Chief)  includes  some  studies  on  the  cardiovascular  system..  Systolic  raurr- 
murs,  and  accentuation  of  the  2nd  pulmoxiic  tones  wez‘e  observed  about  1/4 
of  the.  inpatients  with  radiation  disease.  The  murmurs  were  the  typical^hemic'* 
mtcriEurs.  Disturbances  of  the  cardirc  rliythm  were  not  encountered.  Electro- 
cardiograms  were  made  oh  4?  patients  ^d.th  various  types  of  radiation  injuzy. 
The  abnormalities  observed  were: 


(1)  Appendix  4  N  (23) 

(2)  Appendix  4  N  (9) 

(3)  Appendix  4  N  (3) 


73  (!5K) 


293 


a- 


a)  Low  T-xvaves  (but  tho  report  does  not  indicate  how  loxv,  or  in  which 
leads,) 

b)  Depression  of  S-T  segment  (Sam©  comment  as  in  a.) 

c)  Left  aads  deviation  (but  the  report  does  not  give  the  ajaount.) 

The  frequency  of  these  changes  in  tho  EGG  varied  directly  i7ith  the 

apparent  severity  of  the  radiation  injury,  as  judged  from  the  leukocyte 
count,  and  the  hemoglobin  value. 

Gastro-intaatlnni  flyafcam*  The  secretory  activity  of  the  salivary  glands  was 
studied  by  Ulsao’s  group*  (1)  and  the  ptyalin  content  of  saliva  was  within 
normal  limits  in  LI;,  patloitso  Pancreatic  function  was  studied  by  Sawada^s 
groiq)  (2)  and  the  diastase  activity  of  tho  nrlne  was  normal  in  tho  17  pa¬ 
tients  with  radiation  injury.  A  nua&er  of  olinlos  loported  urinalyses  for 
sugar,  all  of  lidch  were  negative®  £n  one  group  of  13  patients  stud¬ 
ied  by  Dr«  Hlrohata,  the  fasting  blood  sugar  was  normal,  varying  from  81* 
119  ng*^*  Qastrio  secretions  wore  studied  in  several  olinios,  and  a  sm^ 
poroentags  of  anaoidity  was  found*  Xishinato  studied  20  patients  at  Oaura 
Navll  Hospital  using  histamine  as  a  stimulating  substanoe*  He  oould  find 
no  evidence  of  altered  secretion  of  HOI*  He  also  performed  gastroioj'oplo 
examinations  end  fluoroscopio  studies,  aU  of  ^diioh  were  normalt 

Hepatic  function  was  the  subject  of  a  nue&er  of  studies*  The  mstheds 
used  were  not  the  most  modern,  and  the  studies  were  Ineonolusivo*  Mevatioa 
of  the  icteric  index  was  observed  in  only  1  of  17  patients  ndth  a  variety 

(1)  Appendix  4  N  (3) 

(2)  Appendix  4  N  (1) 

(3)  Appendix  4  H  (14) 

(4)  Appendix  4  N  (29) 

29^ 
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of  t^es  of  radiatioTi  ;m jury  with  a  variety  of  types  of  radiation  injiiry. 
(Sax^jada  study).  Urobiligea  excretion  in  urine  was  studied  in  aany  . clinics, 
but  the  r^orts  are  cont radio torye  The  techniques  used  for  this,  and  other 
liver  function  tests  wore  not  reliableo 

Geaito~»Urinar.y  System:  Urinalysis  was  perfcraed  in  aiost  clinics,  and  a 

varying  nuraber  of  patients  were  found  to  have  albuminuria.  At  Omura  Naval 

Hospital  17%  of  the  patients  with  radi-ation  injury  had  albiuainuria, 

usually  graded  1  plus  or  2  plus  (on  a  scale  of ,0  to  4).  Considering  the 

high  incidence  of  infection  in  all  patients^  this  does  not  seem  excessive. 

Mic3?OBCopic  examination  of  the  urinary  sediment  was  not  remarkeblso  Renal 

(2) 

function  was  tested  by  a  concentration-dilution  technic  by  Yamamura  and 
reduced  “function”  was  found  in  a  few  older  patients. 

No  studies  of  the  male  reproductive  system  were  conducted  in  Nagasaki. 
Changes  in  xaenstruation  were  studied  by  a  group  headed  by  Kaida  •  The  de¬ 
gree  of  disturbance  varied  inversely  with  the  distance  from  the  boid>«  The 
extent  of  menstrual  disturbance  reported  by  Kaida  is  not  confirmed  by  the 
Joint  Conanisslon'e  statistical  study.  (Section  9).  The  effects  of  the 
bombing  on  pregnancy  was  also  studied  by  Kaida  (3)  with  the  collaboration  of 
the  local  obstetricians  and  midwives.  Pregnant  women  did  poorly  after  ex¬ 
posure  to  ionizing  radiation  in  largo  doses. 


(1)  Appendix  4  IS  (34) 

(2)  Report  on  file  at  Anty  Institute  of  Pathology.  Accession  No,  158930. 

(3)  Appmdiic  4  H  (30),  (31). 
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Bia'Jhemical  Stw^ios;  iLU’oi.ate  &t  lEipsrial  University  perfomed 

nany  chemical  otudieo  on  tro  blooci  of  32  convalescents »  Hie  most 

striking  features  vjere: 

a)  Reversal  of  albumin.:  ^obulin  ratio,  with  persistently  low  values 
for  plasma  albundn. 

b)  Normal  values  for  fibrinogen,  ^obulin,  NFN,  Urea  K,  sugar. 

c)  Low  values  in  some  patients  for  scrum  calcium*  llhis  finding  was 
not  associated  with  16v/  values  for  plasma  proteins* 

liie  only  other  chemical  stiidies  recorded  were  estimates  of  the  vitamin 
C  saturation,  done  by  Sawada's  group,  The  evidence  for  vitamin  C  de¬ 
ficiency  appears  to  be  good* 


(1)  Appendix  (l^f) 

(2)  Appendix  ijK  (l) 
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1)  Tile  pveolcc  iuc.Mence  of  radfiition  inj'oj'y  is  liot  ascoi'tsdnehla. 

2)  At  a  ,ii.stance  of  HOOO-i.lDO  r-iOtera  frwa  the  center,  persons  surely 
e2;-''.t.;::ed  to  ionizinj;'  ra'.liao.ion  hacV  e.  50^'  chance  of  surviving* 

3)  Qi.  the  baeis  of  the  availUible  clinical  rocords  and  the  question- 
MCuu’c  et-ucv,',  it  :Uj  poDiilblo  to  dc2scril;o  . the  cliiiical  sjaidrom©  of  radiation 

in'jiu’y  ill  terias  of  a  of  spscific  laboratory  findings  end 

syaptoius*  Tho  s.vv’-jt.oiea  rers: 

a)  oiid  •yoaitfj.ng  cn  tho  day  of  the  bonibing. 

b)  Spil^;t;i.oa, 

c)  Qv'Oph&xvjTiigoal  inflsiiiicatory  le£3ions»  ■ 

d)  Piir^onraa 

rflicn  labos-atory  studies  vjci’o  :rado  at  appropriate  intorvalB  of  time  after  ax-  . 
pos'iire  changes  in  t!ie  blood  mvo  fouad,  coraioting  of: 
c)  Leulcoponia 

f )  Ansriii.a 

g) ,  Thro-  ibocytopcnia 

In  ony  group  of  patients  the  intensity  and  the  incidence  of  those  findings 
•;yao  in  direct  propo/r^tion  to  the  amouri.t  of  ionizing  radiation  received.  These 
C'bri'.^.r  vat  ions  'iftich  are  based  on  a  etu.cy  of  Japanese  injlured  by  atoiiiic  bivnha 
provido  a  sound.  bi\ci?;  for  the  diagnosis  of  the  syndroae  of  radiation  injury, 
an;-,  for  an  estl'iiate  o.f  its  aeverity* 

k)  jUi  :'„':^ortcht  aspect  of  the  cJ.lniael  course  vi&s  the  tciapo  at  which 
ti:.;  specific  syjtiJ.Oiiis  appecroc  .!  after  .Irradi.at.lcnj  tud  the  rapidity  with  idiich 
tJie  (Catliolog.ical  picccsseo  evolved*  In  gcvierelj  it  appeared  that  the  jstore 


rapid  the  forogress  of  the  disease,  the  more  severe  was  its  iaanife5tatic«»,i' 
and  the  graver  the  prognosis, 

5)  In  addition  to  these  specific  manifestations  the  patients  complained 
of  a  large  number  of  varied  symptoms.  Of  these,  diarrhea  was  the  most  xm- 
portant  and  troublesome,  both  to  the  patient  and  from  a  diagnostic  standpoint. 
There  is  little  reason  to  doubt  that  exposure  to  ionizing  radiation  in  suit¬ 
able  amounts  can  cause  a  severe,  even  bloody,  diarrhea.  The  circumstances  in 
Nagasaki  were  such  that  the  high  incidence  of  diarrhea  in  people  with  no  evi¬ 
dence  and  little  likelihood  of  radiation  injury,  rendered  the  symptoms  of 
little  value  in  diagnosis.  The  other  symptomatology  complained  of  by  the  pa¬ 
tients  was  of  a  non-specific  nature,  or  due  to  complications, 

(6)  On  the  basis  of  such  tests  as  were  used,  the  doses  of  ionizing  radia¬ 
tion  which  were  not  fatal  did  not  cause  continxiing  demonstrable  disturbances  in 
the  physiological  factions  of  the  cardiovascular  system,  the  gastro-intestinal 
system  (excepting  the  diarrhea);  and  the  genito-xir inary  system  (excepting  the 
damage  to  the  gomd). 
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Fig.  2  (5N) — Photograph  of  a  board  fence  and  a  pole  at  about  1200  nieterB 
from  the  center,  notice:  a,  the  unscorched  "shadoirs"  cast  by  the  grass 
and  veeds;  b,  the  typical  sharp  profile  of  a  flash  burn  on  the  pole; 

Cf  the  small  stick  vhlch  has  been  driven  into  the  board  by  the  air  blast. 
Had  it  been  there  before  the  flash  of  the  explosion  there  would  be  a  shadow 
of  it.  (Photo  File  #HE  100c.) 


Fig.  3  (5N) — Typical  scene  inside  the  Morimachi  plant  of  the  Mitsuhishi 
Steel  and  Arms  Works,  at  1300  meters,  showing  the  type  of  damage  respons¬ 
ible  for  injuries.  This  was  the  casting  shop;  One -half  the  workmen  here 
were  casualties,  and  of  those  who  were  not  killed  outright,  80^  received 
mechanical  injuries.  (Photo  File  #ItB  436.) 
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Fig.  4  (5N) --Mitsubishi  Arms  Factory,  1100  meters.  Type  of  damage  that 
occurred  to  light  concrete,  steel-framed  buildings.  Notice  the  corrugated 
sheets  from  the  roof,  which  caused  serious  wounds.  (Photo  File  #NB  43o.) 


Fig.  5  (5N)--Scene  inside  a  heavy  machine  shop  of  the  Mitsubishi  Steel 
Factory,  700  meters.  7O-8056  of  the  workmen  in  this  building  were  killed, 
and  of  the  survivors,  the  majority  had  received  mechanical  injuries, 
(Photo  File  #1©  458.) 
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fig.  I  (P)«I©ih©  Mi44i@  at  a  4i©t^©§  ©f  fji® 

§k©w§  tJi©  t^i§a£  4©fe¥4§  tkat  i*§iaia©4  aftai*  tfe©  4©ffl©i4t4©s  ©t  a 

ti^@s'=ffaffl©4  ^u4i44fig.  iJ©t4§@  that  the  w§©4  ha4  a©t 

the  aa^ai-ity  §f  th©  l•©§f  t4it©?§  is“©  t'ait©  h©a^  h©aa§. 

gei'sea  ia  this  tuil4iag  va©  iaduaed,  hut  th©  a^ea  ©aid  t©  ha?©  heea 

kiil©4  la§taatiy  %fa§  ©lall.  (fh©t©  fii©  p®  416.) 


'! 

Fig.  7  ('5N) — Chinzel  Middle  School,  at  a  distance  of  500  meters.  The 

view  shows  the  wreckage  of  the  3r<i  and  4th  floors. which  collapsed.  This  j 

reinforced  concrete  building  was  heavily  damaged,  emd  there  were  no 

s\irvivor8  on  the  2nd,  3rd,  or  4th  floors.  (fTioto  File  4l4.)  j 
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Fig.  8  (5N) — Surgical  Clliiic  of  the  Hospital  of  the  Nagasaki  Medical 
College,  at  800  meters.  Scene  is  a  vard  on  the  1st  floor  of  a  reinforced 
concrete  huilding,  showing  how  the  heavy  plaster  interior  trim  has  fallen 
from  the  walls  and  ceilings.  The  bed  patients  were  trapped  under  this 
debris,  and  many  were  burned  to  death  before  they  could  be  rescued. 

(Photo  File  #NB  402) 


Pig.  9  (5NJ — ^lamazatomachi,  a  residential  section,  Just  beneath  the  point 
where  the  bomb  exploded.  Notice  tliat  the  trees  and  poles  are  standing, 
but  with  branches  and  cross-arms  stripped  off.  The  complete  demolition  of 
houses  Is  shown.  Notice  that  all  the  debris  cLid  not  burn.  There  are  no 
known  survivors  from  this  district  except  people  who  were  inside  cave- 
shelters.  (Photo  File  #NG  l68.) 
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fig  15  sassaielfal dlstfisti  765  a§t§g§i 

SiilS  tS  daSSSefi  5f  jafan®®e  t^®  ^®usas.  fB  , 

14  ke  that  aeaii  la  the  wake  &i  a  teaaade  ^  a  haaaleaae.  fhe  hulldlags 

that  a^e  staadlag  weae  built  aft^  Jf  thS^dlS^lerw®?®^ 

appear  to  have  ©oeiu'red  here.  9C$  df  the  reeldeats  of  this  dletrlet  were 

killed,  (fhote  file  #10  17t,) 
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Fig.  12  (5N) — "Shadow"  effects  on  the  painted  surface  of  a  gas  storage 
tank,  1^00  meters.  The  radiant  heat  has  glazed  the  paint  that  It  is 
shiny  In  comparison  with  the  dull  surface  which  was  in  the  shadow  of  the 
support.  The  black  shadow  to  the  left  of  the  support  Is  caused  by  sun¬ 
light.  The  indefinite  border  of  the  glazed  area  may  be  a  penumbral  effect. 
(Photo  File  #KE  ICA.; 

/ 
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NAGASAKI 

RELATION  OF  LOCATION  OF  PATIENTS  TO  INCIDENCE  OF 
THERMAL  INJURIES  BY  RING  ZONE 


Fig.  13  (5N)— Solid  Line:  Percentage  of  people  vho  were  outdoors,  unshielded 
anH  vho  received  btirns.  Broken  Line:  Percentage  of  people  who  were  Inside 
wooden  "buildings  and  who  received  burns.  (Photo  File  #NP  I69.) 


Fig.  l4  (511) — Eunimoto,  19,  Male.  Distance  unknown.  This  man  was  dead 
on  arrival  at  hospital,  approximately  12  ho\irs  after  the  hombing.  Notice 
the  extensive  2nd  and  3i*d  degree  burns  of  exposed  skin,  with  charring, 
exfoliation,  and  vesicle  formation.  Burns  of  this  severity  were  said  to 
have  occurred  within  1000  meters.  10  August  19^5.  Omura  Naval  Hospital 
Photo.  (Photo  File  #NP  153.) 
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Fig.  15  (5N) — ^Akiyama,  60>  Female,  50O  meters.  Died  I5  October  19^5* 

This  patient  was  prone  in  the  open.  She  was  burned  on  exposed  skin,  as 
well  as  on  skin  covered  by  clothing.  This  picture  was  made  by  the  Japemese 
in  late  August.  The  burns  shown  healed  slowly,  but  she  died  from  radiation 
injury.  Omura  Naval  Hospital  Case  No.  3098.  (Photo  File  #NP  105  b;  AMM 
Accession  158930-193 •)  .  .  . 


Fig.  l6  (5N)--Fukabori,  3^^  Male.  800  meters.  This  patient  was  sitting 
inside  a  wooden  house.  He  received  2nd  degree  burns  of  the  left  side  of 
his  face  and  neck,  left  foot,  and  both  hands.  Notice:  a,  epilation  of 
scalp;  b,  depigmentation  of  the  healed  burn;  c,  zone  of  hyperpigmentation 
between  burned  and  normal  skin;  d,  the  cauliflower  ear,  a  healed  peri¬ 
chondritis,  secondary  to  the  burn.  11  October  19^5-  Omura  Naval  Hospital 
Case  No.  3211.  (Photo  File  #NP  103.) 


Fig.  17  (5N) — Easaea,  48,  Male.  90O  meters.  This  man  was  standing  in  the 
position  slaown,  facing  away  from  the  bomb.  The  air -burst  occurred  just 
behind  and  above  his  head.  He  was  wearing  heavy  cotton  military -type 
clothing  which  was  scorched  and  destroyed  by  the  radiant  heat.  He  de¬ 
veloped  very  mild  symptoms  of  radiation  injury  in  addition  to  burns. 

See  Figure  18  (5N).  Shinkozen  Hospital  Case  No.  1396.  (Photo  File 
#NP  123  b . ) 


Fig.  18  (5N)— Kaeasa,  48.  Male.  900  meters.  This  photo  shows  healed 
2nd  degree  burns  that  occurred  beneath  a  heavy  cotton  khaki  shirt.  Notice 
the  zone  of  hyperpigmentation  between  the  healed  and  the  intact  skin  and  the 
depigmentation  of  most  of  the  burned  etrea.  There  is  some  keloid  fonnation 
on  the  elbows.  November  1945.  Shinkozen  Hospital  Case  No.  1396.  (Photo 
File  #NP  123a.) 
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Fig.  19  (5N) — ^Maeda,  19,  Male.  1000  meters.  This  patient  was  standing 
outdoors.  The  hums  on  the  hack  and  arms  were  received  underneath  a 
white  shirt.  Notice  the  depigmentation  of  the  healed  skin  in  con5)€u:i8on 
with  the  intact  skin  and  the  zone  of  hyperpigmentation  between  burned 
and  healthy  skin.  There  is  also  keloid  formation  on  the  right  elbow  and 
a  healed  i)erichondritte  of  the  left  ear.  October  1945.  Omura  Naval 
Hospital  Case  No.  3157.  (Photo  File  #NP  I60.) 


1 


3IT 


Fig.  20  (5N)-rFulabori,  26,  Female.  1200  meters,  TMs  patient  yae 
sitting  inside' a  wooden  house  hy  a  window,  She  repeiyed  2n4  degree  h^ns 
of  the  e^^osed  skin  of  face  and  neek  (sQtiei  the  pollf®  line  of  her  hloneej 
and  also  seyere  burns  of  her  lesi  yfetQfe  wspa  poyered  by  Ipng  ^aki  troaie?is 
Notice  the  co^ination  of  pigmentation  and  depigB^ntatiOB  of  the  healed 
burns  of  legs  and  "feet/  ll  Ootober  l^k^,  Shinkozen  lospital  Cage  No, 

(Photo  Fili  #NP  llTa.j 


Fig.  21  (5N)— Fukaljori,  26.  Female.  1200  meters.  Close-up  view  of  face 
and  chest  of  patient  shown  in  Fig.  20  (^N).  Notice  the  depigmentation 
of  the  burned  skin  of  face  and  neck  and  the  zone  of  byperpigmentation. 

The  skin  of  the  chest,  protected  by  her  shirt  from  the  radiant  heat.  Is 
a  dirty  brown  color.  This  appeared  subsequent  to  the  bombing  and  had  the 
appearance  of  roentgen  pigmentation.  11  October  194^.  Shlnkozen  Hospital 
Case  No.  409.  (Photo  File  #NP  117b.) 
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Fig.  22  (5N)— Matsuo,  22.  Female.  1300  meters.  This  patient  was  sitting 
outdoors  &ind  received  2nd  degree  flash  burns  of  the 'ea^iosed  shin  of  face, 
neck  forearms.  The  burns  of  the  arms  and  shoulders  occurred  under 
dark-colored  clothing.  Notice  the  variations  in  the  pigmentation  and 
depigmentation  of  the  healed  burns.  The  bandage  covers  a  healing  peri¬ 
chondritis,  right  ear.  11  October  19*+5.  Omura  Naval  Hospital  Case  No. 
3235.  (Photo  File  #NP  108.) 
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Fig.  23  (5K)— Nonaka,  23.  Male.  1400  meters.  This  man  was  standing 
outdoors  wearing  only  trousers.  He  received  2nd  and  3rd  degree  burns 
of  the  exposed  skin.  Notice;  a,  the  keloid  formation  on  neck  and 
'  shoulders;  b,  the  variations  in  pigmentation— in  genereO.  the  severely 

burned  skin  la  depigmented.  This  is  quite  obvious  in  the  case  of  the 
right  nipple.  The  skin  which  was  slightly  burned  is  pigmented.  11 
»  October  19^5*  Omura  Naval  Hospital  Case  No.  3209.  (Photo  File  ^NP 

103a  (K).; 
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Fig.  24  (5N)— Akase,  I5.  Female.  1400  meters.  This/patlent  vas  stand-  ' 
Ing  outdoors  wearing  green-colored  clothing.  She  was  burned  on  all 
exposed  surfaces  and  on  her  back  underneath  her  clothing*  The  burns  on 
the  feet,  which  were  bare,  and  the  ankles  are  quite  typical.  The  dark 
color  of  the  unburned  skin  is  partly  due  to  the  lighting.  The  record 
does  not  state  that  the  skin  of  this  patient  was  darker  in  color  after 
the  bombing.  The  burns  shown  were  healing,  and  she  ultimately  recovered. 
Japanese  photo,  August  1945*  Omura  Naval  Hospital  Case  No.  3l40.  (Photo 
File  #NP  131.)  ^ 
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Fig.  25  (5N)— Toragoro,  44.  Male.  I60O  meters.  This  was  facing 
the  center  of  the  explosion.  The  turns  on  his  chest  and  arms  occurred 
under  clothing .  Notice  the  marked  pigmentation  of  all  the  healed  skin. 

The  contrasts  of  pigmented  turned  skin  and  the  unturned  "shadows"  on  the 
face  constitute  the  "mask"  seen  on  many  patients.  Notice  the  hyperpig- 
mented  zone  on  the  neck  between  the  hxirned  and  healthy  skin.  October  1945* 
See  Appendix  (3N)  l4.  (Photo  File  #NP  124b.) 


Fig.  26  (5N)— Tamiguchl,  17.  Male.  2000  meters.  This  patient  wa's  stand¬ 
ing  outdoors  and  received  this  extensive  burn  under  his  clothing.  His 
shirt  "burst  into  flames/'  which  undoubtedly  accounts  for  the  severity  of 
the  lesions  shown.  Notice  the  Irregular  area  of  burned  skin  on  the  neck, 
possibly  caused  by  wrinkles  formed  when  he  turned  his  hesA.  October  1945* 
Shinkozen  Hospital  Case  No.  427.  (Photo  File  ^NP  120b.) 


324 


^  Fig.  27  (5R)— Kinoshita,  19,  Male.  2  00  meters.  This  patient  was  prone 

outdoors.  Ilie  burns  on  his  back  were  received  under  light-colored  clothing. 

^  The  cause  of  the  unburned  "shadows"  on  the  left  arm  and  the  left  loin  is 

:  not  knovm.  Notice  the  pigmentation  of  the  healed  burn  in  comparison  with 

the  Intact  skin.  Some  of  this  color  Is  due  to  hyperemia  of  the  healing 
skin.  There  is  a  narrow  zone  of  depigmentation  surrounding  the  bum.  . 

11  October  19^5.  Omura  Naval  Hospital  Case  No.  9*  (Photo  File  #NP  119. ) 
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Fig.  28  (5N) — Tsuyama,  I5.  Male.  2200  meters.  This  hoy  was  burned  on 
the  exposed  skin  of  face  and  neck  and  underneath  the  white  shirt  he  was 
wearing.  The  irregular  margin  of  the  healed  burn  of  the  neck  coincides 
with  wrinkles  formed  when  he  looks  upward  and  to  the  right.  Notice  the 
depigmentation  of  the  healed  skin  and  the  zone  of  hyperpigmentation  that 
outlines  the  burn.  November  19^5.  Omura  Naval  Hospital  Case  No.  3399. 
(Photo  File  #NP  121. ) 


V 

Fig.  29  (5N)— Eanemura,  30.  Male.  2400  meters.  This  man  was  standing 
outdoors  wearing  a  white  sleeveless  shirt  and  trousers.  The  distribu- 
^  tion  of  the  burn  in  relation  to  the  shirt  is  evident.  The  healing  skin 

is  darker  in  this  picture  than  the  normal  skin.  In  the  Kodachrome  print 
it  is  seen  that  some  of  this  is  due  to  hyperemia,  or  at  least  redness-- 
some  of  which  may  be  pigmentation- -of  the  burned  skin.  The  pigmentation 
is  particularly  apparent  in  the  mask  configuration  of  the  burn  of  the 
face.  11  October  1945.  Oniura  Naval  Hospital  Case  No.  3030.  (Photo  . 
File  #NP  111c  (K).)  . 


Fig.  30  (^)--Iruyama,  33.  Male.  2400  meters.  This  patient  was  stand¬ 
ing  outdoors  and  was  burned  only  on  es^osed,  uncovered  skin.  Hie  photo¬ 
graph  shows  keloid  formation  and  irregularity  in  the  pigmentation  of  the 
healing  skin.  11  October  1945.  Omura  Naval  Hospital  Case  No.  3189. 
(Photo  File  #NP  U4a.) 


Fig.  31  (5N)— Shiozaki,  Age  I5.  Male.  I30O  meters.  This  patient  vas  inside 
a  concrete  building^  the  interior  of  which  was  demolished  and  then  caught  fire 
He  was  wearing  shoes  and  gaiters,  hut  received  3rd  degree  hums  on  the  lege 
escaping  from  the  building.  The  changes  in  the  pigmentation  of  the  healing 
skin  and  keloid  formation  are  shown.  11  October  19^5 •  Omura  Naval  Hospital* 
Case  No.  3194.  (Photo  File  #NP  100.) 


Fig.  32  (5N)— Solid  Line:  Percentage  of  people  vho  vere  outdoors,  unshielded 
or  Inside  wooden  buildings,  who  received  radiation  injury.  Broken  Line:  Per¬ 
centage  of  people  who  were  Inside  heavy  (concrete,  brick,  factory -type)  build 
ings,  who  received  radiation  injury.  (Photo  File  #1JP  170*) 


Pig.  33  (5N)— KoBuml,  48,  remale.  Diataaoe  unknown.  This  is  the  hody  of  a 
patient  who  died  during  the  2nd  week  after  the  hosiblng.  In  addition  to  the 
flash  hum  of  the  face,  the  photo  shows  lesions  about  the  mouth  whloh  oom- 
menoed  as  an  herpetlform  eruption  whloh  later  heoame  naorotlo.  Japanese 
photojpraph.  Omura  Naval  Hospital.  (Photo  Pile  #NP  1%») 
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Fig*  3^  (5N)- -Photograph  of  three  siblings  who  were  at  the  sajne  (unspecified) 
distance  from  the  bomb.  This  picture  was  made  at  the  Pediatric  Clinic  of 
the  Kyushu  Imperial  University  during  August  1945*  No  other  data  are  avail¬ 
able.  (Photo  File  #IIP  125b . ) 
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Fig.  35  (5N)--Maekawa,  32,  Female.  1700  meters.  This  patient  was  inside  a 
wooden  house  and  received  minor  wounds  and  radiation  injury.  Epilation  com 
menced  20  August, ^and  this  photograph  was  made  between  that  date  and  1  Sep¬ 
tember  when  severe  symptoms  developed.  Omura  Naval  Hospital  Case  No.  3100. 
(Photo  File  #NP  107b. ) 


Fig.  36  (5N)— Maekawa,  32;  Female.  I7OO  meters.  This  is  the  same  patient 
as  in  Fig.  35  (5N).  This  picture  was  made  11  October,  approximately  6  weeks 
later.  There  is  no  evidence  of  regrowth  of  hair  at  this  time.  The  patient 
was  still  g,ulte  weak  due  to  radiation  injury,  but  she  ultimately  recovered. 
Omura  Naval  Hospital  Case  No.  3100.  (Photo  File  fj^NP  107®.) 


Fig.  37  (5N)— Inaba,  22.  Male.  900  jneters.  This  patient  was  inside  a 
wooden  building  and  received  many  lacerations  by  glass  fragments  as  well  as 
radiation  injury.  The  photograph  shows  epilation  and  healing  wounds  of  the 
scalp.  He  was  convalescent  from  the  effects  of  radiation  at  the  time  the 
picture  was  made.  Kovember  19^5 •  Omura  Naval  Hospital  Case  No.  3069* 
(Photo  File  #NP  155  (3c).) 
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Fig*  36  (^)->Bisd,  6.  Fenale*  1100  netere.  This  patient  vas  Inside  a 
wooden  house  and  received  only  a  small  hurn  of  the  occipital  region.  The 
bullae  that  can  be  seen  In  this  picture  on  the  shoulders^  arms,  and  legs 
developed  about  27  August.  Epilation  commenced  about  the  same  time.  Some 
of  the  blisters  became  Infected  and  she  entered  hospital  ^  September,  the 
day  the  picture  was  taken.  Omura  Naval  Hospital  Case  No.  30^9*  J'apanese 
Photograph.  (Photo  Pile  #NP  130.) 
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Fig.  39  (5N)- -Illustration  from  a  Japeinese  report,  ahcvring  a  patient  in 
whose  skin  erythema  and  vesicles  appeared.  The  dark  spots  are  healed  minor 
lacerations.  Shortly  after  the  appearance  of  the  lesions  shewn  in  this 
Figure  and  in  Figure  40  (5N),  she  developed  high  fever, 

10  days  later.,,  Minami  report — Appendix  4W  (10).  Kyushu  Imperial  University 
Case.  (Photo  File  #NP  133a.) 
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Fig.  40  (5N)— Same  patient  as  in  Fig.  39  (5N),  showing  erythema  and 
vesicles  of  the  skin  over  the  knee.  Kyushu  Imr''rial  University  Case. 
(Photo  File  #1IP  13313.) 


338 


Fig.  4l  (5N)- -Photograph  of  unidentified  female  cadaver  made  by  the  Japanese 
in  mid-August.  Notice  the  purpura  and  the  hemorrhagic  and  necrotic  lesions, 
some  of  which  were  said  to  have  been  bullous  initially.  Omura  Naval  Hospital 
Case.  (Photo  File  #NP  152. ) 
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Fig.  43  (5N)--Ph.otograph  of  a  patient  with  purpura.  This  picture  waa  made 
at  the  Si^shu  Imperial  University.  The  patient  vae  said  to  have  been  Injured 
in  Nagasaki,  hut  no  other  data  vere  available.  (Photo  File  #NP  126.) 
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Pig.  44  (5N)— Aklyama,  60.  Female.  5OO  meters.  Purpuric  lesions  of  the 
skin  of  the  legs  of  a  morihund  patient.  This  women  had  the  severe  type  of 
radiation  injury  and  died  4  days  after  this  picture  was  made.  11  October 
1945.  Omura  Naval  Hospital  Case  No.  3098*  (F)4Q'to  file  #NP  105a.) 
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Fig.  45  ( 5N)- -Pilot ograph  of  an  unidentified  body,  made  by  the  Japanese,  in 
August  1945.  Notice  the  purpuric  lesions  and  the  echtymatous  ulcerations 
around  voundB  vhich  were  said  to  be  glass  fragment  wounds.  The  patient  was 
said  to  have  died  from  radiation  injury.  Omura  Naval  Hospital  Case.  (Photo 
File  #NP  127.) 
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ffig,  46  (5N)- -Painting  by  the  medloal  artist  of  Klyusbu  Imperial  University  of 
a  typleai  eataaple  of  '’anemie  retinitis*”  See  Appendix  4W  (8)»  (Photo  file  w. 

#NS  308  (k)*)  W 


Fig.  4?  (5N)--Nagata,  N.  11.  Feoale.  1000  meters.  Painting  by  Japanese 
medical  artist  of  Kyushu  Imperial  University  showing  necrotic  ulceration  of  the 
larynx  associated  with  severe  leukopenia  and  the  condition  of  the  healed 
lesion.  Recovery  occurred  after  tracheotomy.  See  Appendix  4h  (9)«  (Photo 
File  #NS  310  (K).) 


31*5 


Two  Weeks  Later 


ATI-  178  542 

Armed  Forces  Institute  of  Pathology, 

Washington,  D.C. 

MEDICAL  EFFECTS  OF  ATOMIC  BOMBS  -  THE 
REPORT  OF  THE  JOINT  COMMISSION  FOR  THE 
INVESTIGATION  OF  THE  EFFECTS  OF  THE 

ATOMIC  BOMB  IN  JAPAN  -  AND  APPENDIXES  - 
VOLUME  n,  by  Ashley  W.  Oughterson,  George  V. 
LeRoy,  Averill  A.  Llebow,  and  others.  19  April*  51, 
346  pp.  incl.  photos,  tables,  graphs. 

UNCLASSIFIED 

1.  Bombs,  Atomic  - 
Pathological  effect 

I.  Oughterson,  Ashley  W. 
n.  LeRoy,  George  V. 
m.  Liebow,  Averill  A. 

(Not  abstracted) 

DIVISION:  Atomic  Energy  (48) 

SECTION:  Health  and  Safety  (7) 

PUBLISHED  BY:  U.S.  Atomic  Energy  Commission, 
Oak  Ridge,  Tenn.  (NP-3037) 

DISTRIBUTION:  Copies  obtainable  from  ASTIA-DSC. 

^Tbcs  tUt  card  bo*  Mtvcd  t<a  N  asy 

b«  d«sa«r«d  la  Mcacdaact  with  AFR  30V1*  Aroy 
IDO'S  M  OPIfAV  taai.  SSI>L 

AKJED  SERVICES  TECHHICAL  tnFOISlATIOtl  ASRCY 
DOCUnEUT  SERVICE  CENTER 

